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Nuclear power for the nation’s future 


AN EXAMPLE of industry pooling its resources to prepare 
for a mighty project is the linking of the A.E.I.—John 
Thompson Nuclear Energy Company with two important 
firms of Civil Engineering Contractors—Balfour Beatty 
and Co. Ltd., and John Laing and Son Ltd. 

To the strength of the A.E.I.—John Thompson Nuclear 


_ Energy Company and its constituents (British Thomson- 


Houston, Metropolitan-Vickers and John Thompson) is 
added a fund of knowledge in the civil engineering field. 


RADBROKE HALL 


KNUTSFORD 


The Balfour Beatty Group has a world-wide reputation 
in all forms of engineering and construction work and is 
at present carrying out major contracts for the Central 
Electricity Authority. 

John Laing and Son Ltd. has carried out building and 
civil engineering work at the first Government Atomic 
Energy Establishment at Windscale and is at present engaged 
in the construction of power stations in the United Kingdom, 
as well as in major development schemes in Canada. 
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Mills tubular scaffolding is used throughout the world on all types of repair and 


construction work, as well as for grandstands, storage racks and temporary buildings. 
Other Mills equipment includes concrete formwork, welded roof trusses, creeper 
winches, travelling cradles and builders’ plant. 


MILLS SCAFFOLD CO. LTD., Head Office: TRUSSLEY WORKS, HAMMERSMITH GROVE, LONDON, W.6. © RIVERSIDE 3011 (10 Lines) 
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Type 1438B * 


Designed to mea- 
sure very accurately 
the amplitude distribution 
of pulses produced by any type 8 
of proportional nuclear counter. 
It may also be used to determine the 
distribution of any quantity subject to a 
scatter in its value that can be fed to the 
equipment in the form of short duration electrical 
impulses having pulse heights proportional to this 
quantity. The Analyser has 100 channels, of which 99 
are used for storing pulses of height outside the measuring 
range. Each channel has a storage capacity of 10° counts, four 
decades being indicated on a mechanical register and one decade 
on a dekatron counting tube. 


DEVELOPED IN CONJUNCTION WITH THE U.K.A.E.A., HARWELL 


Full information gladly sent on request 


PHILIPS ELECTRICAL LTD 


SCIENTIFIC EQUIPMENT DEPARTMENT 


* LONDON : W.C.2 > TELEPHONE: GERrard 7777 


CENTURY HOUSE - SHAFTESBURY AVENUE 
(Pxo172) 
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REACTOR 
INSTRUMENTATION 


The specialised experience of 


our research and design teams engaged 
on various projects for the Nuclear 


Energy Industry is available for the 


development of new techniques 


in reactor instrumentation schemes and 


allied nuclear engineering problems. 


2 © vay, TW 


( LTD. 


DOWTY NUCLEONICS LIMITED - BROCKHAMPTON PARK, ANDOVERSFORD, Glos. 
Member of the DOWTY Group 
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Electricity from Nuclear Energy 


A 20-year development programme 


The First Ten Years 

Work will start on the first two 
nuclear power stations in 1957. 
These will each have two gas-cooled 
reactors and the stations will be in 
operation by 1960/61. Two further 
gas-cooled reactor stations — each 
housing two reactors of improved 
type — to be begun in 1958/9 will 
come into service by 1963. The out- 
put of these four stations will be be- 
tween 400,000 - 890,000 kilowatts. 


Britain’s nuclear power 


station construction 


programme will go far to offset the growing 
shortage of coal in the next two or three decades. 


The construction of two groups of 
four stations each will begin in 1960 
and 1961/2 and they will be supplying 
electricity to the Grid by 1963/4 and 
1965 respectively. The first group of 
stations will probably have one 
gas-cooled reactor each. The second 
will probably utilise liquid-cooled 
reactors — one high rated reactor 
each. These stations will add well 
over 1,000,000 kilowatts to the 
nation’s power resources. 


The Second Ten Years 

By 1975, it is anticipated that 
nuclear reactor power stations in 
Britain will have an aggregate 
installed capacity of between 
10,000,000 and 15,000,000 kilo- 
watts. Since these stations will be 
operated as base load stations 
working at full output for twenty- 
four hours a day they will be 
responsible for possibly half the 
units generated in the country. 


In ten years’ time — 1,500,000 to 2,000,000 kilowatts of 
nuclear power. In twenty years’ time — 10,000,000 to 
15,000,000 kilowatts of nuclear power, equivalent to 
40-50,000,000 tons of coal a year. 
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The other side of the picture 


Since the earliest days of steam, asbestos has 
helped to conserve heat. At the turn of the 
century, for example, the boilers of locomotives 
were snugly wrapped in an asbestos mattress. 
Steam lines in the power station of the future 
will use asbestos pre-formed blocks and pipe 
sections, not only to conserve the heat and 
energy coming from the heat exchanger to the 


generating plant, but also, perhaps, on the 
coolant lines as well. 

100°,, Amosite Asbestos, in the form of 
CAPOSITE, will provide insulation that com- 
bines high thermal efficiency with durability. 
Amosite is found in South Africa, and comes 
from mines belonging to the Cape Asbestos 
Company. 


At the Atomic Energy Research Establishment in Harwell, another product 
of the Cape Asbestos Company—CAPE BLUE ASBESTOS—is already in 
use. Mixed with cotton, it is made into filters to purify the air against the 


effects of radioactive particles. 


THE CAPE ASBESTOS COMPANY LTD. 
114 & 116 PARK STREET LONDON Wr 


WORLD’S LARGEST PRODUCER OF AMOSITE & BLUE ASBESTOS 
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southern instruments computer division 


' AUTOMATIC AND SEMI-AUTOMATIC TRACE READERS FOR FILM 
-. OR PAPER RECORDS, GIVING ANALOGUE AND DIGITAL OUTPUT 


» ELECTRONIC DIGITAL CALCULATORS FOR 


SCIENTIFIC AND ENGINEERING PURPOSES 


|} HIGH-GAIN DC AMPLIFIERS AND MULTIPLIERS, 
' ANALOGUE COMPUTERS AND SIMULATORS 


ANALOGUE TO DIGITAL CONVERTORS. 
DATA-REDUCTION SYSTEMS 


SOUTHERN INSTRUMENTS COMPUTER DIVISION 


(PROPRIETORS : SOUTHERN INSTRUMENTS LIMITED) 


CAMBERLEY, SURREY 


TELEPHONE: CAMBERLEY 2230 (3 LINES). TELEGRAMS: MINRAK, CAMBERLEY, ENGLAND 
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LIOTT 
Reactor Computers 


An analogue computer is indispensable for the study 
of the time-dependent behaviour of a reactor installation. 
Elliott Brothers (London) Ltd. provide machines specifically 
designed for the study of a simple reactor or a complete 
power producing plant. To meet a growing need, Reactor 
Simulators for use by Universities and Colleges in the 
training of nuclear engineers can also be provided. 


Analogue Computer for Nuclear Power Station studies. 


Normally operate in real time. 
Simple problem patching and 
coefficient setting. 


Facilities for transport lag simulation. 


Electromechanical plug-in multipliers 
operate from standard computing 
amplifiers. 


NUCLEAR DIVISION, ELLIOTT BROTHERS (LONDON) LTD., CENTURY WORKS, LONDON S.E.13 TELEPHONE: TIDEWAY 3232 
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ROTAMETER Flowmeters for Fluids at 


GASES 


LIQUIDS 


Type 500 Type 550 
for for hydraulic oil 
with scale readin t 5000 p.s.i. : 
Type 660 


FAD at 3 operating 
pressures. 


at 4000 p.s.i. 


ROTAMETER MANUFACTURING CO. LIMITED, PURLEY WAY, 
P.21. 


REMOTE 
READING 


HIGH PRESSURE 


Rotameters of all-metal construction are 
made for pressures up to 5000 p.s.i.g. 
and temperatures from — 200°C. to 
+ 400°C. Magnetic coupled movements 
are fitted for direct flow indications only 
or with pneumatic transmitting unit 
added. Electrical transmitters are also 
made for operating remote indicators 
(high-speed types available) recorders and 
integrators. Wide choice of contact mat- 
erials and jointings. All specifications 
individually considered. 


Catalogue R.P.2000/KK on request. 


ROTAMETER 


electrical trans- FLUID MEASUREMENT AND CONTROL 
mitter for small flow 
of corrosive liquid 


| FLOW-DENSITY- LEVEL 


CROYDON, SURREY _ Telephone: CROydon 3816/9. 


Product 
by \ 


OZONAIR 


An Ozonair 


May we 


THE CONTINUOUS CLEANING 


VENTEX 


AIR FILTER 


The latest and best Air Filter 


* Automatic in operation 

* No ancillary equipment 

* Simple to install 

* Adaptable to any shape 

* Efficient and reliable performance 


Write for Details 


ENGINEERING COMPANY LTD. 


AIR FILTRATION DIVISION 
THE ESPLANADE, ROCHESTER, KENT. CHATHAM 45011 /PB 
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TEMPERATURE LIMITED 


WORLD’S LARGEST PRODUCER OF ROOM AIR CONDITIONERS (excepting U.S.A.) 


TEM K ON 


Fulham — London, S.W.6 England 


TELEPHONES: RENown 5813 p.b.x. CABLES: TEMTUR, LONDON 


PULSE INSTRUMENTATION 


In consequence of the great interest shown in our equipment at the recent Physical 
Society Exhibition, we are prepared to make instruments embodying our experience 
in this field on a “One-off” basis if necessary, for nuclear, computer, and other fields. 


Five years’ development has resulted in many high performance units and circuitry 
which can be embodied in “Especially Tailored’’ instruments. 


One example of this is our “Multiple Pulse Generator” The instrument has an extremely low output impedance, 
and when working into a ‘oos mfd. capacitive load, positive pulses of up to 100 volts will rise in -25 microseconds. 


The instrument also embodies a mixer into which may be fed the output from a number of positive and negative 
pulse generators, each pulse being independently and accurately controllable in height without degradation. 


Both the above-mentioned mixer and output stage will handle fast positive and negative pulses of up to 100 volts 
amplitude, which are available from the common output terminal. 


Write for further information to:— 


A. E. CAWKELL 
ELECTRONIC ENGINEERS 


SOUTHALL, MIDDLESEX Telephone: SOUTHALL 3702 
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Performance 


AUTOMATIC SETS 


Constantly leading in the realm of diesel develop- 
ment, Crossley Brothers manufacture a wide range 
of automatic sets, which incorporate the soundest 
constructional designs in diesel manufacture. 


These sets are eminently suitable for “standby” 
duties, and are proving themselves to be capable of 
producing the same consistent high standard of 
performance that makes Crossley synonymous 
with efficiency. 


CROSSLEY BROTHERS LIMITED, OPENSHAW, MANCHESTER 11 
London Office: Langham House, 308 Regent Street, W.1 C.400 


DIESEL ENGINES 


Typical sets are those to 
operate automatically on: 


* Failure of the main electricity 
supply 
* Increases in power requirement 


*% Pressure drops in booster or 
fire|sprinkler systems, etc., etc. 


THE BLACK BRIDGE, HOOK, NR. 


BASINGSTOKE 


ALUMINIUM SPRAYED BY 
THE SCHORI DIVISION OF 
F. W. BERK & CO. LTD. 
CONSTRUCTED BY THE 
BUTTERLEY COMPANY LTD. 


Consulting Engineers 


J. S. WILSON 
F.C.G.1., Hon.A.R.!.B.A., M.inst.C.&. 


JOHN MASON 

B.A.(Cantab)., A.M.inst.C.E., M./.Struct.E 
Shotblasting and Metal Spraying 
contracts carried out on site. Jobbing Factories 
in London, Manchester and Glasgow 
Metal Spraying Equipment supplied ex stock 


AUTOMATIC SPRAYING PLANTS 
DESIGNED TO YOUR REQUIREMENTS 


Dept. 3P, BRENT CRESCENT, NORTH CIRCULAR ROAD, LONDON, N.W.10 Elgar 3533 
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MANUFACTURERS OF 
NUCLEONIC INSTRUMENTS 
FOR 
GEOLOGICAL SURVEY 
REACTOR CONTROL 
ISOTOPE LABORATORIES 
CIVIL DEFENCE 
AND 
HEALTH MONITORING 


A POSTCARD WILL BRING YOU FULL DETAILS 


GENERAL RADIOLOGICAL LIMITED 


15/18 CLIPSTONE STREET, GREAT PORTLAND STREET, LONDON, MUS 312I 


SECRET! 


We can’t tell you where itis... 
We can’t tell you what it does... 


. . but we can tell you that this Plant is in a Research 
Establishment. That a primary necessity in the 
plant was that the liquid and material in suspension should 
nowhere come into contact with the metal surfaces. 
And that the tank, pipes, valves and pumps are lined 
throughout with Linatex rubber. 
It’s no breach of security to tell you why Linatex linings were 
chosen for this purpose; the exceptional abrasion and 
corrosion resistant qualities of Linatex rubber are well known 
to every chemist and engineer. 
In the diagram below the shaded areas are lined with Linatex. 


is vulcanised by a cold chemical 
process that retains all the tough- 


ness, resilience and resistance to 
corrosion of the natural rubber. So Linatex—95 °,, pure natural rubber 
—is non-perishable, abrasion and corrosion-proof—the toughest mat- 
erial for a wide range of purposes. 
Linatex linings can be fitted on site or at our factory. Our Resident 
Engineer for your area will gladly make a survey. 


WILKINSON RUBBER LINATEX LIMITED 
CAMBERLEY + SURREY - ENGLAND 


Telegrams: LINATEX, Camberley 
Telephone: Camberley 1595 
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BODSON PERISCOPES 


for the observation 
through or around 
the biological shield 
of equipment and procedure 


in radioactive areas. 


BODSON ENDOSCOPES 


for the interior examination 
of hollow components 
(such as reactors, 
pressure vessels, 
heat exchangers, 
boilers, chemical plant, etc.) 


in manufactureand maintenance. 


P. W. ALLEN & CO. 


253 LIVERPOOL ROAD, 
LONDON, 


NORTH 4665 


VISUAL INSPECTION ENGINEERS 


| ITANIUM TITANIUM 


To B.S.S. or American Standards 


Accurate sampling or testing is essen- 
tial and Endccott’s Test Sieves are 
guaranteed to conform to specifica- 
tion. The patent sieve body contains 
no crevices or blind spots to impair 
test efficiency. Durability is assured 
by attachment of the wirecloth direct 
tosieve frame, giving uniform tautness 
and long life. Standard sizes are 
available from stock; special require- 
ments can be satisfied promptly. 


Test Sieve Vibrators. 
X Pocket Interchanger Sieves. 
Write for literature. 


ENDECOTT’S (FILTERS) LTD 


251, Kingston Road, London, S.W.19. Liberty 8121/2 
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known for their Design, Precision and Quality for more than 80 years. 


SOLVE ALL PROBLEMS. 


JOHANNES ERHARD H.WALDENMAIER ERBEN 


Siddeutsche Armaturenfabrik, Heidenheim/ Brenz - Germany 
Telephone 3881 Cable: Erhardarmaturen 


For all information write to 


The Sole Agents for the United Kingdom 


A. K. STARCK’S CO. LT D. 22, Chancery Lane London W.C. 2 


Telephone Holborn 2966 Cable: Akstar London 
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Lahgear in association with PYE 


PROTECTION AND WARNING INSTRUMENTATION 


FOR USE WITH 


GAMMA IRRADIATION UNITS 


GAMMA HEALTH TOLERANCE MONITOR TYPE D.4120 


Designed solely by Labgear, this portable A.C. operated personnel monitor gives simultaneously a 
reading of the dose-rate in health-tolerance units and the permissible exposure time for one day at the 
point of measurement. 


The instrument incorporates a Mullard MX 119 Geiger tube and covers the range of 0-100 health- 
tolerance units; based on a dose-rate of 0°3 Roentgens per 40-hour week. The scale is normally 
calibrated for use with Cobalt 69. 


This unit is complementary to the Gamma Alarm Unit D.4120 advertised in the June issue of this 


Journal. 
Please write for further details to: 
Labgear (Cambridge) Limited 
NUCLEONICS DIVISION 
WILLOW PLACE, CAMBRIDGE, ENGLAND 
"PHONE "GRAMS 


CAMBRIDGE 2494 ““LABGEAR CAMBRIDGE”’ 
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JULY 1956 VOLUME! NUMBER III 


New chapter ? 


THE 1955 ANGLO-AMERICAN AGREEMENT on exchanges of information and materials 
of atomic energy was a thoroughly bad one and was greeted with dismay at the time. Now it 
has been amended, and although the details of the relaxation will not be disclosed until it has 
lain before Congress for thirty legislative days, there is good reason to believe that it goes far 
towards meeting British objections to the 1955 agreement. As is well known, during the lean 
years of only very restricted cooperation Britain has not been exactly idle, as any visitor to the 
Harwell Open Week will testify, and it is more than possible that the United States has 
realised that much of their restrictions had already been bypassed by our own efforts. 
Furthermore, the exchanges have always been intended to work on a two-way basis and it is 
at least possible that reports of recent British successes with controlled thermonuclear reactions 
may well have helped the decision to let up on the restrictive 1955 Agreement. Here, it might 
be expected, the United States could benefit from British experience. 

In certain fields, of course, the Americans are very far ahead and if the amendment leads, for 
example, to a full exchange on the submarines Nautilus and Sea Wolf it might save us years 
of frustrating duplicated effort in the development of small, packaged reactors. As a country 
almost wholly dependent upon sea communications for our survival, the application of atomic 
energy to marine propulsion must obviously merit the closest study. It seems that the success 
of the first atomic submarines has been so great that few more conventional ones will be 
built in the United States. Moreover, it has been reported that an 80,000-ton aircraft carrier is 
the next US ship to be nuclear powered and a 44,000-ton ice-breaker is currently under con- 
struction in the Soviet Union. Britain definitely lags in this field and any help we can get from 
America is to be welcomed. 

Another way in which improved cooperation could benefit Britain might be in helping us to 
make the best choice of reactor for our Stage II. Unlike the Americans we are unable to 
embark on a whole series of full-scale power demonstrations and when we decide on a reactor 
it must be a reasonably safe bet. It seems that for us only two are now seriously in the 
running: the sodium-cooled graphite-moderated and the pressurised water. These types are 
backed by considerable experience in the USA. Firstly there are the submarines, then the 7-5- 
MW SRE in California is due to start up next month and the Shippingport PWR should be 
ready next year. No doubt British feasibility studies have gone a long way with these types, 
but some practical advice on the real thing would obviously be worth a great deal. 

Curiously enough, the Americans are only just now beginning to think about gas-cooled 
reactors, and plans were recently announced by the AEC for the development of small gas- 
cooled plants at Arco. Here is something in which we are the experts and some “reverse lease- 
lend” in knowledge would presumably hasten these developments. 

Reports of the new amendment say it will also permit the exchange of materials used in 
atomic energy and this, if confirmed, might have far-reaching consequences. It might, for 
example, enable us to share in President Eisenhower's offer of 40,000 kg of U2* and so remove 
another cause for bitterness. Even only moderately enriched fuel would enable a great advance 
in the performance of our Stage I reactors: for more advanced types it is practically essential. 
Furthermore, if heavy water could be obtained at the Geneva price, a whole field of develop- 
ment might be opened up—a field which has been barred to us till now owing to the sheer 
cost of this fabulous liquid. 

For too long has Anglo-American cooperation in atomic energy been a sick man; it is to be 
hoped that this amendment will mark the beginning of a new chapter for our two countries. 
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COOLING TOWERS LTD 


Thermal Engineers & Specialists 
Designers of 


Complete Cooling Installations 


COOLING TOWERS LTD, | FISHER STREET, SOUTHAMPTON ROW, LONDON, W.C.| 
TELEPHONE : CHAncery 5715 
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united kingdom 


Radiation risks to population 

The risk by radiation to individuals 
working in atomic power stations is 
not likely to be great and, in fact, a 
given amount of power might be 
available at a smaller cost in acci- 
dents, illness and disability than that 
involved in present methods of 
mining and power production. This is 
one of the findings of the Medical 
Research Council special committee 
which was set up on the instigation of 
the Prime Minister in March 1955 and 
whose report —The hazards to man 
of nuclear and allied radiations — was 
published as a White Paper (Cmd. 
9780) on 12th June. Genetic damage 
to the population as a whole, how- 
ever, cannot be ignored and although 
the risk is at present small, the 
committee say it is potentially im- 
portant when nuclear power becomes 
widespread. 

From the genetic point of view it is 
the dose to the gonads which matters, 
and it is found that the average dose 
up to age 30 from natural sources of 
radiation such as cosmic rays, radio- 
active rocks, radon in the air and 
K* and C' in the body, amounts to 
about 3 réntgens. This dose is 
cumulative and irreparable. The total 
gonad dose to the population from 
man-made radiation is estimated at 
about 25 per cent above the natural 
background and diagnostic x-rays 
account for at least 22 per cent of 
this. One recommendation is that the 
whole question of medical x-rays 
should be critically re-examined. 

Other recommendations on dose 
rates made were: that during his 
whole lifetime an individual should 
not accumulate more than 200r of 
whole-body radiation in addition to 
the natural background and that 
to the gonads not more than an 
extra 50r should be accumulated in his 
first 30 years. This last allowance 
should not apply to more than one- 
fiftieth of the population. For the 
population as a whole, the committee 
see a figure of twice the natural back- 
ground as an absolute maximum and 
say that it is highly desirable that 
such a figure be named as soon as 
possible. 

On the subject of fall-out from test 
bombs, the committee considered 


that the radiation risk from these is 
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negligible so far, but it warns against 
any considerable increase — particu- 
larly of thermonuclear. weapons. 
Measurements of Sr® in human bones 
due to fall-out show a present level 


of about one-thousandth of the 
maximum occupational dose laid 
down by the ICRP and the com- 
mittee say that “immediate con- 
sideration” would be required if this 
rate rose to ten times its present 
level. 

The chairman of the committee was 
Sir Harold Himsworth, FRS, Secre- 
tary of the MRC. 


Fermi renewal opposed 


An adjournment was granted in 
the High Court on 15th June to Philips 
Electrical Ltd, for the postponement 
until 2nd October of the hearing of a 
petition asking for an extension of a 
patent—“a method for increasing the 
efficiency of nuclear reactions and 
products thereof”—which is owned by 
Philips and which expires this year. 
This is the basic Fermi patent (see 
NP, June, p.48) and, covering the idea 
of a moderator, it is of basic impor- 
tance to all thermal reactors. The 
hearing was postponed until the 
action being brought by Philips 
against the UKAEA for alleged 
infringement is determined. The 
patent was first taken out by Enrico 
Fermi in Rome and he assigned the 
commercial exploitation of it to 
G. M. Giannini & Co. Ltd, of New 
York; in 1934 Philips obtained licence 
rights and in 1939 they were assigned 
the patent. The petition for the 
renewal is being opposed by the 
UKAEA, the CEA, English Electric 
Ltd, General Electric Ltd, C. A. 
Parsons & Co. Ltd, and AEI-John 
Thompson Nuclear Energy Co. Ltd. 


Oxford chair for atom pioneer 


Sir Francis Simon, Professor of 
Thermodynamics at Oxford since 
1949, is to become Doctor Lee’s 
Professor of Experimental Philosophy 
at the university on the retirement of 
Lord Cherwell. Sir Francis was 
directly concerned with atomic energy 
as early as 1939 and was largely con- 
nected with proving the feasibility of 
the gaseous diffusion process for the 
separation of the U** isotope—a 
process which was later brought into 
full-scale production in the US. More 
recently he has been concerned with 


low-temperature physics and under 
his direction the Clarendon Labora- 
tory had achieved world-wide recog- 
nition in this field. 

Sir Francis Simon, who is 62, came 
to Oxford in 1933 from Breslau, where 
he was professor of physics before 
Hitler seized power. 


Insuring the power stations 

Atomic energy power stations are 
not held to represent any catastrophic 
hazards about which British insurance 
companies need be unduly concerned. 
This is one of the findings of a joint 
committee of Lloyd’s underwriters 
and the British Insurance Association 
and they recommend strongly that the 
first CEA station should be fully 
underwritten. 

During its investigation, the com- 
mittee visited Harwell, Risley and 
Calder Hall and they have received 
assurances that anything approaching 
a nuclear explosion is impossible with 
the Calder type of plant. 


Secret H-talks at AERE 


Behind closed doors at Harwell on 
4th June, a one-day Symposium was 
held on controlled thermonuclear 
energy. About fifty representatives of 
industry and other Government estab- 
lishments were present, in addition 
to AERE staff. In order to encourage 
fundamental research to assist the 
AEA in its work on this problem, it 
gave these chosen representatives a 
general account of its work in this 
field. No statement was issued after 
the conference. 

NUCLEAR POWER was to have 
included this month an article by the 
eminent Harwell physicist, Dr P. C. 
Thonemann, on thermonuclear reac- 
tions. This has unfortunately had to 
be held over but will appear in the 
August issue. 


SGR or PWR? 


It now seems more than likely that 
the second-stage British reactors will 
be either sodium-cooled, graphite 
moderated or pressurised-water rather 
than developments of the Calder Hall 
typeof gas-cooled, graphite-moderated 
reactor as specified in the White 
Paper of February 1955. This impres- 
sion could have been gained by 
remarks made by Sir John Cockcroft 
at his press conference during the 
Harwell open week in May. It was 
also revealed that Harwell are work- 
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ing on an aqueous homogeneous 
reactor and a glass model was shown 
to visitors. 

One of the most intriguing develop- 
ments shown was a system for 
removal of fission products from 
irradiated fuel slugs by high-tem- 
perature metallurgical processes. This 
would eliminate the complicated and 
expensive method of rod-dissolving, 
solvent extraction and reduction back 
to pure metal. 


commonwealth 


Canadian uranium for UK 
Eldorado Mining and Refining Ltd 


have entered into negotiations with 
the UKAEA for the supply of a sub- 
stantial (but unstated) quantity of 
uranium before 3lst March, 1962. 
Detailed arrangements between the 
Authority, Eldorado and individual 
mines will be similar to those under 
which uranium has been supplied to 
the United States AEC. The AEA say 
these Canadian supplies will represent 
a major contribution to their require- 
ments during the period and that the 
arrangement is a continuation of the 
policy of tripartite cooperation be- 
tween the US, UK and Canada which 
has existed from the beginning of the 
atomic energy programme. 


US/NZ agreement 

The United States has signed an 
agreement with New Zealand for 
cooperation in research into the 
peaceful uses of atomic energy. The 
agreement was concluded at the 
Department of State in Washington 
on 14th June, the signatories being 
Ambassador Sir Leslie Munro, US 
Assistant Secretary of State for Far 
Eastern Affairs, Walter S. Robertson 
and AEC Chairman Lewis L. Strauss. 

Under the agreement—which is 
part of the Eisenhower “Atoms for 
Peace” plan—New Zealand will 
receive information on design, con- 
struction and operation of research 
reactors and their use as research, 
development and engineering tools. 


soviet union 


Kurchatov hails Calder 


A cable was sent on 3lst May by 
Academician Kurchatov to Sir Edwin 
Plowden, AEA Chairman, and Sir 
John Cockcroft, the Director of 
Harwell, congratulating British scien- 
tists and engineers on the successful 


completion of the first section of 
Calder Hall. Sir Edwin and Sir John 
replied: “We ourselves have been 
fortified by the progress achieved 
which augurs well for further develop- 
ment both here and in other coun- 
tries in this most important field.” 


Muscovites see reactor 


At the USSR industrial exhibition 
for 1956, which opened in Moscow on 
4th June, a whole pavilion was 
devoted to the use of atomic energy. 
One of the exhibits was a model for a 
power station with a capacity of 
800 MW which is to be built under the 
present five-year plan. There was 
also a working atomic reactor and 
extensive exhibits showing the use of 
isotopes in industry, agriculture and 
medicine. 


That icebreaker 


Further details have been released 
about the atomic icebreaker being 
built in the USSR (NP, p. 48). It will 
be nearly 444 ft over-all, with a beam 
of 91 ft, a displacement of 16,000 tons 
and a speed in ice-free waters of 18 
knots. Its engines will develop about 
44,000 hp and it will be able to 
cruise for a year or more without 
putting into port. 


east europe 


Research started 


Work has started on the construc- 
tion of the atomic research centre of 
the Bulgarian Academy of Sciences, 
near Sofia. At present the site is being 
prepared, roads made and water 
supply provided and temporary ac- 
commodation is being built for 500 
workers. 

Construction of the centre will be 
in three stages. The first stage will 
include buildings for the nuclear 
reactor and a cyclotron, the Institute 
of Experimental Physics, an elec- 
trostatic generator, workshops and 
engine rooms, an electricity substation 
and other auxiliary buildings. The 
reactor will use U** and have a 
power of about 2000 kilowatts. Air 
extracted by the ventilation system 
will be expelled through a 130-ft 
chimney. A remote-controlled ten- 
ton crane will open and close the pile. 

The complete project will include 
a further five scientific institutes, 
laboratories and a cultural centre. 

The atomic centre has been designed 
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by a team of architects— Dimiter 
Gagovsky, Naicho Yossifov, Dimiter 
Katsarov and Marko Markov, and the 
technical design of the reactor build- 
ing is by constructional engineer 
Solomon Eshkenazi and technicians 
Boris Yonchev and Mois Asher. Full 
plans have been made available by the 
Soviet Union and Soviet nuclear 
specialists have visited Sofia for con- 
sultations. 


OEEC realism on atom 


Nuclear energy is unlikely to pro- 
vide more than 8 per cent of the total 
energy demand in Western Europe 
in 1975. This is a conclusion of an 
OEEC report — Europe’s growing needs 
of energy —how can they be met ?— 
published in Paris on 4th June. The 
report was prepared by an eight- 
man commission of experts under the 
chairmanship of Sir Harold Hartley. 

The present energy consumption 
in Western Europe from all sources 
is now equivalent to 730 million tons 
of coal— of which 70 per cent is from 
coal itself. The commission’s forecast 
is that in 1960 the consumption will 
lie between 820 and 860 megatons 
and by 1975 it will be no less than 
1100 to 1300 megatons. This increase 
of about 500 megatons of coal equiva- 
lent must be met largely from im- 
ported oil and the development of 
indigenous oil and natural gas. Only 
a relatively small increase in coal 
production is visualised, but hydro 
power is expected to more than 
double itself in the 20-year period. 
At present, Europe imports 20 per 
cent of her energy requirements; in 
1975 the figure will be at least 37 per 
cent. This may seriously upset the 
balance of payments of some coun- 
tries. 

In estimating the contribution of 
nuclear energy, the commission had 
very little to go on so they took as a 
basis the UK programme which is 
planned to produce the equivalent of 
40 megatons of coal in 1975 and 
assumed that other countries would 
together produce about the same. 
This would be only 8 per cent of the 
total consumption. 

The commission say that atomic: 
power is essential to the future 
prosperity of Europe and that its 
development must be pressed on, but 
it warns that no early or spectacular 
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contribution to the general energy 
situation should be expected. Coal, 
for a long time, must remain the back- 
bone of Europe’s energy economy. 


CEA agreement with US 


During M. Pineau’s visit to 
Washington last month an agreement 
was signed by the United States and 
France which will aid the develop- 
ment of French atomic power stations. 
Under the terms of the agreement the 
Commission a |’Energie Atomique is 
to receive enriched fuel from the AEC 
and also technical information. It is 
understood, however, that the infor- 
mation agreement falls considerably 
short of the recent Anglo-American 
agreement. 


Belgian reactor plan dropped 


The plan for building a nuclear 
power station for the 1958 World 
Fair at Brussels has had to be aban- 
doned because of local objections. 
With a capacity of 11-5 MW, the 
station would have supplied about 
one-third of the power required at 
the fair. 


DIDO for Germany? 


A West German delegation, headed 
by Herr Strauss, Minister of Atomic 
Affairs, visited Britain last month to 
conduct negotiations with the AEA 
for the purchase of a MERLIN 
research reactor (see p. 142) and the 
appropriate fuel. It is also understood 
that the Germans are interested in a 
DIDO-type reactor for materials 
testing. These will be installed near 
Cologne and will form two of the 
first six reactors to be bought as part 
of the German programme. The other 
four are to come from the United 
States. Herr Strauss said recently on 
his return from the United States 
that Germany does not intend to 
build large power reactors for some 
years: the need was not urgent and 
they did not want to commit them- 
selves to a type that may quickly 
become obsolescent. 


Indian reactor due critical 


The first atomic reactor in India — 
and indeed in Asia—is scheduled to 


come into operation this month. It 
is installed at a research centre on 
Trombay Island, near Bombay, and 
will be used for producing isotopes 
and also for training scientists. A 
second reactor is being provided by 
Canada under the Colombo plan. 
This will also be at Trombay and will 
be a high-flux reactor for advanced 
engineering research and materials 
testing. It is scheduled for operation 
in 1958. 

India is rich in deposits of fissionable 
materials and a plant has been in 
operation for four years in Travan- 
core-Cochin for obtaining uranium 
and thorium from monazite sand. 
Further fuel plants are to be set up 
and plans have already been an- 
nounced for a heavy-water plant in 
the Punjab. 


British reactor for Japan? 


A five-man delegation from Japan 
will be coming to London before the 
end of the year to negotiate the pur- 
chase of a 100-MW power reactor 
from Britain. This was stated by Mr 
Shoriki, Japanese Minister of State 
and chairman of the atomic energy 
commission, in a speech at Hokkaido 
last month. This would probably be 
built within the next three or four 
years and would cost about £15M. 

Sir Christopher Hinton’s visit to 
Japan in May has apparently done 
much to convince the Japanese that 
Britain is in a good position to offer 
nuclear power plant at economic cost, 
but the Americans are also very active 
on this front and have sent a team of 
AEC experts to advise the Japanese 
on the latest US developments. 

Enquiries are said to have already 
been made among British firms for 
the purchase of a swimming-pool 
research reactor (Japan has already 
ordered two research reactors from 
the US), but doubts have been 
expressed in some circles as to 
whether Britain would be willing or 
able to supply fuel. 


united states 


Spectre of full-scale war 


Biological damage from peacetime 
nuclear activities—including bomb 
tests — has been essentially negligible, 
so far, according to a report of the 
National Research Council of the 
National Academy of Sciences, pub- 
lished in Washington on 12th June. 
The report, by a group of scientists 


appointed last year by Mr Detlev W. 
Bronk, the Academy’s President, 
asserts that radiation problems, if 
met intelligently and vigilantly, need 
not stand in the way of large-scale 
development of atomic energy. It 
contends, however, that behind any 
discussion ‘“‘must necessarily loom 
the spectre of full-scale atomic war”. 
Enough thermonuclear weapons, it 
asserts, exploded in an all-out war 
might render the entire earth, or 
large parts of it, uninhabitable. 

When a world-wide atomic power 
industry becomes fully developed, 
the report goes on, its accumulated 
waste products might represent more 
radiation than would be released in 
an atomic war, but it would be 
imprisoned, not broadcast. However, 
the point underscores the magnitude 
of the coming problem. 

Radiation in the general environ- 
ment has not yet become a serious 
problem, but in a few decades radio- 
active waste products from power 
plants will constitute an enormous 
potential source of contamination. 

The main recommendations for 
genetical protection at the present 
time are: 

1. Records should be kept for every 
individual showing his accumulated 
lifetime exposure to radiation. 

2. The medical use of x-rays should 
be reduced as much as is consistent 
with medical necessity. 

3. The average exposure of the 
population’s reproductive cells to 
radiation above the natural back- 
ground should be limited to 10 
réntgens from conception to age 30. 

4. The 10-réntgen limit should be 
reconsidered periodically with a view 
to keeping the reproductive-cell 
exposure at the lowest practicable 
level. 

5. Individual persons should not 
receive a total accumulated dose to 
the reproductive cells of more than 
50 réntgens up to age 30 years, and 
not more than an additional 10 
réntgens up to age 40. 

The report and its recommendation 
bears a remarkable similarity to the 
British report of the Medical Research 
Council (see page 101) which was 
published in London on the same day. 


First private fuel plant 


A plant for the testing and making 
of reactor parts and fuel elements on a 
500-acre site and employing about 
500 men was opened at Lynchburgh, 
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Virginia, in May by the Babcock and 
Wilcox Co., who claim this is the first 
venture of its kind by private enter- 
prise. The initial work at the plant 
will be in connection with the $55M. 
contract for the power reactor for 
Consolidated Edison of New York. 
Alfred Iddles, Babcock president, 
stated that while profits were not 
expected on the operation of the plant 
for a considerable time it was antici- 
pated that it would ultimately make 
money. 


“No kilowatt-race”’—strauss 


The United States is not going to 
be drawn into a nuclear “kilowatt- 
race’, This was made clear by AEC 
chairman, Lewis L. Strauss, speaking 
in Pittsburgh on 6th June. He 
declared that America leads the 
world in the development of the 
peaceful uses of atomic energy and 
said: “We are not making kilowatts 
for propaganda.” Mr Strauss averred 
that competitive nuclear power is 
more difficult in the US than in many 
other countries, for they faced no 
immediate pressing demands for 
alternative sources of energy. “It is 
our conviction”, went on the AEC 
chairman, “that we will best serve 
our own interests—and those of 
friendly countries —if we devote our- 
selves to improving the technology 
instead of freezing it by large mone- 
tary commitments to existing un- 
economic types of reactor. We will 
continue to build prototypes of every 
promising reactor concept, seeking to 
find the safest and most economic. 
We are not interested in building 
merely the most reactors to produce 
the largest number of kilowatts 
regardless of how much money they 
lose annually in operation. We know 
we can do that. We are in the business 
of developing economically com- 
petitive nuclear power, both at home 
and abroad.” 

Mr Strauss was evidently com- 
menting on a recent article by 
Academician Kurchatov in the Soviet 
newspaper Pravda in which he stated 
that the Russian five-year programme 
would involve some 2500 MW of 
installed electric capacity. 


The neutrino discovered 


Following last year’s discovery of 
the antiproton at Berkeley, it now 
seems that the long-suspected neu- 
trino has at last been detected. 
After four years’ work at the Los 


Alamos Laboratory of the AEC, 
results have been obtained which 
indicate that the neutrino does indeed 
exist. The experiments were con- 
ducted by a team led by Dr Frederick 
Reines and Dr Clyde Cowan and they 
used a very large liquid scintillation 
tank surrounded by about one hun- 
dred photomultipliers, the neutrino 
source being one of the Los Alamos 
reactors. Presumably this is similar 
to the apparatus described in 
NUCLEAR POWER, June 1956, 
p- 62. Apparently one difficulty was in 
discrimination between scintillations 
from neutrinos and those from cosmic 
rays, but reports state that a satis- 
factory technique was evolved. 

The neutrino was first postulated 
by Pauli in 1931 in order to account 
for the conservation of angular 
momentum and of energy in beta- 
emissions. To do this, the neutrino 
must have a zero, or at any rate, very 
small rest mass, no charge, and a spin 
of (1/2)h/2z. 


Ten-year deadlock broken? 


Britain is to have American clas- 
sified information on the peaceful 
uses of atomic energy and also on 
packaged reactors suitable for sub- 
marines, ships, aircraft and land 
vehicles, according to an important 
amendment to the ten-year exchange 
agreement of 21st July, 1955. A 
State Department announcement said 
that the amendment was signed in 
Washington on 14th June by Am- 
bassador Sir Roger Makins and AEC 
Chairman Lewis L. Strauss. The text 
of the amendment is secret until after 
it has lain before the Joint Congres- 
sional Committee on Atomic Energy 
for thirty legislative days, but a Gov- 
ernment spokesman made it clear 
that if necessary it would permit Brit- 
ish scientists to go aboard the USS 
Nautilus or Sea Wolf for example. It 
would also permit the actual exchange 
of fissionable materials. What it 
apparently does not include is infor- 
mation about bombs; this is still 
precluded under the 1946 McMahon 
Act and its 1954 amendment. 

The Washington announcement will 
be widely welcomed in Britain, for 
undoubtedly there is at present an 
enormous amount of duplication of 
effort— particularly in the marine 
and aircraft spheres. It will also, it is 
hoped, lead to an improvement in 
relations, since the history of Anglo- 
American cooperation in this field 
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has been marred by bitterness for 
many years. If confirmed, the agree- 
ment about fissionable materials might 
mean that Britain will become eligible 
for some of President Eisenhower’s 
40,000 kg of U2*. 


LMFR experiment for Babcock 


The AEC has selected the proposal 
of the Babcock and Wilcox Company 
to design, build and operate a liquid- 
metal-fuelled reactor experiment. The 
selection is contingent on negotiation 
of an acceptable contract. 

This will be the seventh reactor 
type chosen by the Commission for its 
programme of research and develop- 
ment aimed at the achievement of eco- 
nomic electrical power from nuclear 
fuels, Other types are: pressurised- 
water, homogeneous, fast-breeder, 
boiling-water, sodium-graphite, and 
organic moderated. In addition, 
studies are under way on the gas- 
cooled reactor concept. 

The liquid-metal-fuelled reactor is 
believed to offer the advantages of 
flexibility of operation over a wide 
power output range, simplified fuel 
processing, and steam conditions 
comparable to those in modern con- 
ventional generating plants. The 
project has been under feasibility 
study for several years at Brook- 
haven National Laboratory and was 
favourably evaluated recently by a 
technical team drawn from seven- 
teen organisations. 

Brookhaven National Laboratory 
will continue to provide supporting 
research and development in the 
general field of liquid-metal fuels. The 
Babcock and Wilcox Company pro- 
posal stated that the Union Carbide 
Nuclear Company would be a major 
sub-contractor, primarily in the 
chemical processing of fuel. The 
present plans are for completion of 
the reactor and start-up in about three 
years. No site has yet been selected 
for the reactor. The other companies 
which submitted proposals are: ACF 
Industries, Inc; American and Stan- 
dard Sanitary Radiator Company; 
The Dow Chemical Company; Kop- 
pers Company, Inc; The Glenn L. 
Martin Company; Mine Safety Ap- 
pliances Company; Nuclear Devel- 
opment Corporation of America; 
Nuclear Science and Engineering 
Corporation; Robertshaw-Fulton 
Controls Co.; together with Con- 
solidated Western Steel Division and 
the US Steel Corporation. 
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THE EFFECT OF the “atoms for peace” conference at 
Geneva last August is well known to everyone. Before 
that date the programmes of the main countries involved 
in nuclear development work had been largely shrouded 
in secrecy. Some disclosures of work in progress in the 
USA, France and Great Britain had been made, but 
little technical information was available. To no country 
did this lack of public knowledge apply more than to 
the USSR. whence only the most general statements 
had emerged to the effect that efforts were being con- 
centrated on the peaceful uses of atomic energy. The 
Geneva Conference made it possible for the first time to 
form some appraisement of the work done in the 
USSR, and the information published there has now been 
available for some time. Since the Geneva Conference 
further disclosures of the development of the Russian 
programme have been made from time to time, and these 
have been quite sufficient to show that the Soviet Union 
is well advanced in the development of peaceful uses of 
atomic energy. 

The lack of knowledge of Russian progress has not been 
confined to nuclear matters, since the official security ban 
has not been the only bar to knowledge of Russian scien- 
tifie work. For a number of years now, there has been little 
cooperation between the Soviet and the West in many 
engineering fields. Though it was far less likely that the 
Russians could have made startling advances in the genera- 
tion of electricity by conventional means, or in its dis- 
tribution, there had been little contact between engineers 
working in these fields, and little was, therefore, known 
about the present state of development in the USSR. 

The agreement to exchange technical teams concerned 
with the electricity supply systems of the United Kingdom 
and of the USSR was, therefore, very welcome to the 
Central Electricity Authority. The visit of the Soviet 
engineers which took place first has received a good deal 
of publicity because it was headed by Mr Malenkov, whose 
career had attracted a lot of attention in this country. The 
return visit was made between 16th April and 8th May 
of this year, the party being headed by the chairman of 
the Central Electricity Authority, Lord Citrine. The party 


The Soviet nuclear power programme is ambitious and commensurate with 
the current five-year plan to double the present 
electricity output to 320,000 million kWh by 1960 


Atomic power in the USSR 


an account of a visit by J. C. Duckworth 


Chief Nuclear Engineer 
Central Electricity Authority 


consisted of nineteen delegates from the Electricity 
Supply Industry, both from the Headquarters and 
Divisions of the Central Electricity Authority and from 
the Area Boards. The technical side of both generation and 
distribution were represented, as also were the commercial 
interests. With so large a party, having such diverse 
interests, it was obviously not possible, or intended, to 
study technical matters in any great detail, but rather to 
gain an over-all impression of the present state of develop- 
ment of the electricity supply industry in the USSR. For 
most of the tour the delegates remained as one or two 
parties with broad interests, although opportunities were 
afforded for more detailed discussion on items of individual 
interest at the latter end of the visit. The whole delegation 
made visits on consecutive days to the 5 MW atomic 
power station which was described at the Geneva Con- 
ference, and to the Nuclear Research Institute at Novo 
Ivankovo. The writer paid another visit later to the 
atomic power station and had discussions with engineers 
of the Academy of Sciences concerned with the nuclear 
programme. This article is, of course, confined to the 
nuclear power aspects of the visit. 

Every phase of the Russian economy is controlled 
directly by a Government department. This applies 
equally to power stations. shops, hotels, factories and ice- 
cream vendors. Several ministries are concerned with the 
many facets of the electrical supply industry power 
station design and construction, distribution, electrical 
machinery, etc. In addition to the ministries concerned 
with conventional power stations, two further organisa- 
tions are concerned when the nuclear power programme 
is considered. Until recently the direction of the nuclear 
work has been undertaken largely by the Academy of 
Sciences of the USSR and the 5 MW power station is, in 
fact, still operated by them. The Academy of Sciences has, 
therefore, been the body which can best advise as to the 
types of reactor which should be used for civil power 
stations. The responsibility for the programme of the new 
five-year plan has been given to the Ministry of Power 
Stations, but the Academy of Sciences has laid down the 
types of reactor which shall be built. In addition the 
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design of reactors is being undertaken by specialist “firms” 
with whom no contact was made on the tour. The Ministry 
of Power Stations is now in the process of forming a group 
to be concerned especially with nuclear plants, but at 
present they have no nuclear specialists themselves. The 
coordination of the programme with so many bodies 
involved must present considerable difficulties, but the 
new organisation in the Ministry of Power Stations will, 
presumably, fulfill this coordinating function. 

Russian scientists read a number of papers at the 
Geneva Conference outlining their work up to that time. 
The main achievement was the construction and successful 
operation of the 5 MW experimental power station which 
was described in a paper by Prof. Blokhintsev.' It was 
indicated at Geneva that a plan was in progress to build a 
full-scale power station based on the experience with the 
experimental model. Various other experimental designs 
were discussed, but no other indication of a definite future 
programme was given at Geneva. 

A short paper of great interest was given by Prof. 
Vladimirsky at the National Industrial Conference Board 
Meeting in New York in October 1955.2 In this it was 
suggested that development was well advanced on a novel 
form of power station incorporating a heavy-water 
moderator together with gas cooling. This report was con- 
firmed in the brief outline of the five-year programme 
given recently by Academician Kurchatov at Harwell. 

The 5 MW nuclear power station has now been visited 
by a number of foreign delegations and the principles of 
its design and operation are well known. The only comment 
which a visitor can make is that the standard of engineer- 
ing throughout is of a very high order, the fuel elements 
particularly being very well designed and made. The 


Only the tall stack suggests that anything untoward 
might be happening inside this typically Russian- 

looking building. It is in fact 
the 5 MW nuclear power station 


Nuclear Power 


degree of enrichment of the uranium fuel would generally 
be considered too high for economic production of power, 
but this is thoroughly appreciated by the Soviet scientists 
whose object in building the station was to obtain ex- 
perience which could be used in later work. Irradiation 
times of the order of 10,000 MW days per tonne have been 
achieved, but the extent to which this experience is 
relevant to British designs is rather limited. 

The nuclear programme of the USSR in the 1956-60 
five-year plan entails the building of a number of different 
types of reactor. These were described by Igor Kurchatov 
at Harwell, a brief summary of which was given in the last 
issue of NUCLEAR POWER. It is planned to build 
nuclear power stations with a total capacity of between 
2000 and 2500 MW electrical output. Of these, five will be 
experimental but will have an output in the region of 
400-600 MW and on these it is expected that experience 
will be accumulated in nuclear engineering and the mass 
production of fuel elements and their processing. The first 
of the experimental atomic power stations will be put into 
operation at the end of 1958 and the others in 1959 and 
1960. One of those stations will be based on the graphite- 
moderated steam-and-water-cooled reactor of the type 
used at the small 5 MW experimental station which was 
visited by the delegation. Each reactor will produce 
steam at about 1300 lb/in*, superheated to about 400°F 
for feeding turbines of 200,000 kW total capacity. 

Two stations will be equipped with water-moderated 
and cooled thermal and epithermal 200,000 kW reactors, 
and 70,000 kW turbines using saturated steam of about 
450 lb/in*® pressure. The third type of atomic power plant 
will be based on the design given by Prof. Vladimirsky at 
the New York Conference of the National Industrial Con- 
ference Board in October 1955. This will be the hetero- 
geneous heavy-water-moderated and gas-cooled reactor. 
Steam will be produced at about 450 lb/in® and 750°F for 
turbines of 200,000 kW total capacity. 

In addition to these large-scale nuclear power plants, it 
is intended to complete in 1959 several smaller pilot 
plants each having an electrical capacity of 50,000 to 
70.000 kW. To quote Prof. Kurchatov’s paper, these will 
include: 

1. A unit with a water-moderated thermal reactor 
and a turbine operated by slightly radioactive 
steam fed directly from the reactor. 

2. A homogeneous heavy-water-moderated thermal- 
breeder reactor, with the U***-Th* cycle. 

3. A thermal graphite-moderated and sodium-cooled 

reactor. 

4, A fast sodium-cooled breeder reactor with the 

Pu®**-U?* eyele. 
As a result of this programme it is hoped that it will be 
possible to select the best types of nuclear power stations 
for future development, as well as gaining a great deal of 
information on reactor physics problems. 

The engineers concerned with the nuclear programme of 
the USSR are well aware that it is experimental. They are 
not prepared at present to hazard guesses as to the type 
of reactor on which they are most likely to concentrate 
later. As is hardly surprising, it is evident that opinions 
differ as to the virtues of the water-cooled graphite- 
moderated reactor. Prof. Vladimirsky, in his New York 
speech, indicated that this was going out of favour, but 
other opinions have also been expressed. It is evident that 
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adequate supplies of uranium enriched in fissionable isotope 
U2 are available for the present programme. The variety 
of types being built both in the relatively short-term 
programme (i.e. the full-scale experimental power stations) 
and also on what might be considered the longer-term 
projects (i.e. the pilot plants) is indicative of the open- 
mindedness of the Russian engineers as to the merits of 
future types. 

It does not necessarily follow that selections of suitable 
types made by the USSR will be applicable to other 
countries. Apart from technical considerations, the whole 
system of financing in the Soviet Union differs radically 
from that in western countries. Since capital charges on 


At the Russian 
experimental power 
station, Lord Citrine (2nd 
left) has Mr J. Eccles, 
CEA Deputy Chairman 
(Ops), on his right and 
the station director, 

Mr Andrei Krasin, on his 
left. Farther along are 
Mr Nove, an interpreter 
from the British 
Embassy, Moscow, 

and (extreme left) 

Mr V. S. Ermakov, the 
First Deputy Minister of 
Power Stations of 


the USSR 


nuclear stations form such a large part of the total 
generating cost of electricity (something like two-thirds 
of the cost per unit as against one-third from conventional 
thermal power stations), the method of financing is 
obviously of crucial importance. On conventional stations 
in the USSR it is the practice to amortise the capital 
charges over a number of years, but no interest is charged. 
In western countries both interest charges and insurance 
charges have to be considered. The difference in gross 
interest charges on capital in the United Kingdom and in 
some other countries has already contributed to the 
different approach towards development work in these 
countries; and in the USSR this is likely to be an even 
greater consideration. In general terms it appears that 
the merits of all capital programmes in the Soviet Union 
are judged to a far greater extent on their need to the 
country as a whole rather than on strict economical 
grounds, and this will presumably apply to the nuclear 
programme. 

The policy on siting of the early power stations does not 
seem to be very different from that in the United Kingdom. 
\t present, stations will not be built within three kilo- 
metres of towns of any size. It is hoped, however, that 
after the present five-year programme, stations will be 
sited much nearer to towns, where full use can be made of 
heat for district heating. District heating is a much more 
common feature in the USSR than in Great Britain, partly 


because of the more severe climate and longer winter, and 
also partly because most living accommodation is in large 
blocks of flats for which centralised heating is more econo- 
mical, Since the return of the delegation, it has been 
announced that one of the stations is to be built at Mos- 
cow, one in the Leningrad region, one in the industrial 
area of the Urals and one near Sverdlovsk. This decision 
has been taken very recently, because at the time of the 
visit, the Chief Engineer of the Leningrad Region was 
hoping to have one of the first stations, but a decision had 
not yet been communicated to him. He was confident, 
however, that construction would be completed in three 
years, so that as long as a decision was taken this summer 


it would be possible to build the station within the time 
set out in the five-year plan. 

In conclusion, it can be stated that the nuclear pro- 
gramme of the USSR is ambitious and comprehensive. 
The country is engaged in an immense capital expansion 
programme for its electrical supply industry as a whole— 
on hydro schemes, conventional thermal stations and high- 
voltage transmission lines. The size of the nuclear pro- 
gramme is commensurate with the other plans of the 
USSR. In the nuclear field it is well known that many 
lines of approach look equally promising at present, and 
experience on many diverse types will be the only way in 
which the field can be narrowed. The Soviet Union is 
attacking the problem on a broad front and the experience 
and knowledge which they gain will be of immense 
benefit to all workers in the field of nuclear engineering. 
A full exchange of information in the future can only, 
therefore, be of great benefit to all concerned and it is 
sincerely to be hoped that mutual cooperation in the 
“Geneva spirit” will be maintained and further developed. 
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None has been built yet, but 


the gas turbine in atomic 


IT Is RELATIVELY EARLY yet to assess the part that 
gas turbines will play in atomic energy and it is important 
to keep a sense of proportion since no power reactor has 
yet been operated in this country and very few elsewhere. 
Such operating experience as is, in fact, available here. 
has been obtained from research reactors and those built 
to produce nuclear fuel for military purposes; in these. 
heat is an unwanted by-product and is disposed of at the 
lowest possible temperature. as pointed out by Goodlet '. 
These reactors are therefore extremely conservative as 
regards temperature of operation. Even in the USA and 
the USSK no large effort appears to have been directed 
yet to the problem of greatly increasing reactor operating 
temperatures. These comments are of some significance to 
possible gas-turbine applications, because of the vital 
dependence of performance on temperature. 

In view of this, some apology is perhaps needed for 
adding yet further to the spate of articles on untried ideas 
in atomic energy, and the author would apologise in 
advance for the way history may falsify his predictions. 

The gas turbine has achieved importance in the last 
ten to twenty years as a heat engine, basically because of 
improvements in high-temperature materials. In military 
aircraft it has long been predominant; in civil aircraft it 
is gradually becoming so; in marine engineering and in 
civil power applications the gas turbine is in an earlier 
stage but is becoming of increasing importance. 

The reason for this relatively slower development is 
again partly related to the question of materials and tem- 
perature. Materials 
of say 900 (1652 
quite unacceptable 


suitable at a jet-engine temperature 
F) for a 300-hour life are, in general, 
in a power-station turbine, where a 
twenty-year life is desirable and lowering the temperature 
to increase the life may reduce greatly the efficiency and 
specific power output of the unit. For long life, tempera- 
tures around 750 C (1382 F) are considered the maximum 
feasible with present-day materials. 

In regenerative and intercooled closed cycles, however. 
the performance is fortunately not quite so vitally tem- 
perature-dependent, particularly where high thermal-ratio 
heat exchangers are feasible. In all gas-turbine engines the 
component efficiencies are very important. For example, 
in the simple cycle, below a certain fairly high product of 
compressor and turbine efficiencies the engine will not run, 
i.e. there is no net output. 


Gas-turbine cycles 

In order to refresh ideas we will look briefly at some 
properties of gas-turbine cycles. 

The simple gas turbine (open or closed-cycle) works 
ideally on the constant-pressure cycle, with an ideal ther- 


mal efficiency: 
5 
R 


R Pressure ratio of the gas turbine 
Ratio of specific heats ¢, /c, 


The temperature entropy diagram and cycle layout for 
the simple gas-turbine cycle are illustrated in Figs. | 
and 2. 

For this ideal cycle the efficiency is independent ot 
temperature, but when we consider a practical cycle with 
component efficiencies this is no longer true. For example. 
if we take the simple cycle and allow for the inefficiencies 
of the major components only, i.e. the compressor and 
turbine. the over-all thermal efficiency is given by, 


l 


” Ne (a — 1) 


T,; = Minimum Cycle Temperature 


T, = Maximum Cycle Temperature 
where, x = T?/T! 
— Turbine efficiency 
— Compressor efficiency 
~ 
3 
Q 
s 
t 
losses | 
io” 
entropy -S 
Fig. | the simple gas-turbine cycle 


No account is taken of the pressure loss in the combus- 
tion chamber (or heat exchanger) or for increase in specific 
heats (with temperature and lower y) and of other small 
losses. However, the increased specific heat gives a higher 
work output on the expansion side, which largely balances 
the other losses. Hence, this formula for efficiency is 
reasonably accurate, using correct turbine and compressor 
efficiencies. 


This formula is plotted against pressure-ratio in Fig. 3, 
and shows the difference in over-all thermal efficiency of 
the simple cycle when the maximum temperature is 


dropped from 750 C (1382°F) to 600°C (1112°F). 
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has a future — says J. E. B. Perkins * 


\ plot of specific power output (i.e. h.p./lb gas) against 
pressure-ratio gives a curve generally similar in shape to 
the efficiency) pressure-ratio curve, but one that peaks at a 
lower pressure-ratio. The choice of working pressure-ratio 
is. in theory, a compromise between power and efficiency. 
In aircraft applications, where size and weight of plant are 
initially important, there is a strong case for operation at 
or near maximum specific power output; in land-based 
power plant, where weight and size are relatively im- 
material, there is a strong case for operation much nearer 
maximum efficiency. 

Other factors, such as an excessive number of stages 
(e.g. with helium), or the necessity for a two-shaft com- 
pressor may, in fact, be the deciding features. When more 
complicated cycles are considered, or if it is wished to 
include the losses and the change in specific heat, the 
analytical approach becomes extremely tedious and results 
are best produced by step-to-step calculation through the 
engine. 

Other possible cycles are: 

1. Regenerative This incorporates a heat exchanger 
at the compressor outlet and utilises waste heat from 
the turbine. 

2. Intercooled The compression process is split into 
two or more parts, with gas cooling between them, thus 
reducing the compressor work. 

3. Reheat The turbine is a two-stage machine, one 
driving the compressor and the other the load. The gas 
is heated again to the maximum temperature, after 
leaving the first stage. 

4. Combinations The above cycles may be combined 
as in the regenerative. intercooled cycle. 

All these cycles may be operated as open- or closed- 
cycles. 

The temperature/entropy and flow diagrams for the 
most complicated cycle that is likely to be considered 
(regenerative—intercooled—reheat cycle) are given in 
Figs. 4 and 5. From these can be clearly seen the condi- 
tions for the other less complicated cycles. 

The regeneration process increases considerably the 
attainable thermal efficiency, and reduces the pressure- 
ratio necessary in the cycle. It is likely to be incorporated 
in all applications where the size and weight limitations 
will allow. Intercooling and reheating show only small 
gains but do increase the specific power output. 


Reactor gas-turbine systems 


Two basic combinations of the reactor and gas turbine 
should be considered : 


a. a gas-cooled reactor direct to turbine 

This must, of course, work on the closed cycle (except 
possibly in an aircraft application). The major problems 
here are those of gas contamination with fission pro- 


* Mr Perkins is with a well-known aero-engine 
firm and is at present working at Harwell. 


THE EFFICIENCY of the simple gas-turbine 
cycle, being highly temperature-dependent, limits the 
selection of reactor to those in which a temperature of at 
least 500°C can be maintained for continuous opera- 
tion. With more complex cycles the choice is wider. 
Possible reactor-turbine systems are discussed and ten- 
tative evaluations made of the various combinations of 
thermal and fast reactors with open- and closed-cycle 
turbines. Of the possible gases considered, air is con- 
sidered hard to beat. An attempt is made to visualise how 
the gas turbine might be used for land, sea and air 
application, 


LE RENDEMENT dun cycle simple de turbine a 
gaz dépend largement de la température et c'est pourquoi 
un réacteur pour une telle turbine doit étre choisi d’entre 
ceux ou lon peut maintenir une température supérieure 
a 500°C Mune maniére continue. Le choix devient plus 
facile pour des cycles plus compliqués. On discute les 
systémes possibles comprenant un réacteur et une tur- 
bine et Von fait des calculs d’essai pour de différentes 
combinaisons des réacteurs thermiques et a neutrons 
rapides avec des turbines a cycle ouvert et clos. D’entre 
tous les gaz envisagés lair parait insurpassable. On 
envisage le mode d'emploi de la turbine @ gaz sur terre, 
sur mer et dans lair. 


DER WIRKUNGSGRAD des einfachen Gastur- 
binenzyklus ist sehr temperaturabhdngig, und wird 
dadurch die Wahl nur auf diejenigen Reaktoren 
beschrdnkt, in denen man eine Arbeitstemperatur 
oberhalb 500°C dauernd aufrechterhalten kann. Fiir 
kompliziertere Zyklen erweitert sich die Wahlmoglich- 
keit. Die moglichen Reaktor-Turbinen-Systeme werden 
erortert und Probeausrechnungen verschiedener Kom- 
binationen der Wédrme—und Schnellneutronenreak- 
toren mit Turbinen mit einem offenen oder geschlossenen 
Zyklus werden angefiihrt. Aus den betrachteten Gasen 
wird Luft als uniibertrefflich angesehen. Es wird 
versucht zu zeigen, auf welche Weise Gasturbinen fiir 
Gebrauch zu Lande, zur See und in der Luft angewandt 
werden kénnen. 


LA EFICIENCIA del ciclo sencillo de la turbina de 
gas, cuyo funcionamiento depende mayormente de la 
temperatura, limita la seleccién de reactores en los 
cuales puede ser mantenida una temperatura minima de 
500°C en operacion continua, En el caso de ciclos mas 
complejos la seleccioén es mas amplia. Se contemplan 
posibles sistemas de turbinas reactores y evaluaciones 
tentativas de las varias combinaciones de reactores 
termales y rapidos con turbinas de ciclo abierto y 
cerrado. De los gases bajo estudio, se considera el aire 
como uno de los mejores medios. Se trata de visualizar 
el empleo de turbinas de gas en aplicaciones terrestres, 
maritimas y aéreas. 
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ducts or of activity from its own impurities, assuming 
one selects a main gas that is inactive. A very high 
degree of sealing will be required and this might be 
achieved by mounting the complete reactor/gas-turbine 
set inside a shell, in which a pressure slightly higher 
than in the reactor circuit would ensure that leaks are 
inward. 


b. reactor/heat exchanger/gas turbine 
In this case the reactor has a separate coolant circuit 
and there are a number of subdivisions according to the 
reactor coolant type, e.g: 
(1) Gas-cooled reactor 
(2) Liquid-metal-cooled reactor 
(3) Liquid-metal-fuel circulating reactor 
compressor turbines 


load 


“dotted tine 
closed cycle aniy 


Fig. 2 the simple cycle can be open or closed 


Reactor types 

The chief reactor requirement, for operation with a gas 
turbine, is a reasonably high coolant outlet temperature: 
say a minimum of 500°C (932°F). If plant size and weight 
and cooling water quantities are not serious considerations, 
as is the case with many land-based power plants, it is 
probable that the gas turbine would be selected only if the 
thermal efficiency were greater than that obtainable with 
a steam turbine. In this more stringent case, reactor 
outlet temperatures of about 700°C (1292°F) are probably 
required although lower values might be acceptable for 
low power-output systems where steam plant is less 
efficient. 

The temperature limitations considerably reduce the 
number of reactor systems that need be seriously con- 
sidered; for example, the large variety of power reactors 
utilising light or heavy water in some for (coolant, moder- 
ator or both) can be immediately eliminated. Three types 
of reactor-cooling systems suitable for use with the gas 
turbine will now be considered in more detail: 


a. gas-cooled systems 

Because of the high power densities required, gas is 
unlikely to be adequate as a coolant in fast reactors, 
and its use is limited to thermal and epithermal systems. 
With the heterogeneous layout, however, the fuel 
surface area is always too small and consequently the 
temperature rise from gas to the can surface is too high. 
This means that, even with high fuel temperatures, the 
gas outlet temperature is still comparatively low. A 
different approach is certainly required before gas- 
turbine operation can be usefully considered. 


Nuclear Power 


Fortunately, this can be provided by utilising the 
homogeneous layout, which is now beginning to be a 
practical proposition since enriched fuel is becoming 
available. It is by no means certain that in the long run 
there will be any loss of neutron economy from using the 
homogeneous layout —only that a higher enrichment 
is initially required. Practically speaking, the problem 
is to produce fuel elements in which the nuclear fuel — 
uranium, plutonium or thorium—is mixed with the 
moderator material — graphite, beryllium or beryllia — 
in these high-temperature systems. If this can be 
achieved, the effective fuel surface area will be vastly 
increased (a hundred- or a thousand-fold), and there 
will no longer be any significant heat-transfer tempera- 
ture drop from the can, if used, to the gas; the actual 
heat capacity of the gas is then the main limitation. 
Higher gas outlet temperatures can therefore be em- 
ployed with the possibility, as mentioned above, of 
passing the reactor coolant direct to a turbine. 


b. liquid-metal-cooled systems 

Fast, intermediate and thermal reactor systems can 
be adequately cooled with liquid metals. Because of 
their excellent heat-transfer properties, the tempera- 
ture drop between the fuel can and the coolant will, in 
general, be relatively small—even with the hetero- 
geneous layout —so there is no particular case for mix- 
ing the fuel and moderator, at least on heat-transfer 
grounds. There might, however, still be a good reason 
on questions such as attainable burn-up. In mobile 
reactor applications, where the gas turbine will always 
be a natural choice for its small size and weight, there 
will also be an even larger premium on small reactor 
size, and so fast reactors will always demand serious 
consideration. However, so large are the power require- 
ments per unit volume for economic utilisation of fast 
reactors, that even liquid-metal cooling is stretched to 
its limits and temperature differences rise. These cannot 
be reduced by mixing fuel and moderator. since there is 
none of the latter present. The physics requirement 
again places restrictions on other possible fuel diluents, 
so it is probable that the coolant outlet temperatures 
attainable will be appreciably less than in intermediate 
or thermal systems. 

Unless, therefore, the restrictions on reactor size are 
so severe as to make the fast reactor essential — as might 
be the case in an aircraft project —there will be a gain 
in cycle temperature and performance from using inter- 
mediate or thermal systems. Sodium is the liquid metal 
most likely to be utilised for power-reactor cooling. 


c. liquid-metal fuel circulating systems 

These are similar to the liquid-metal-cooled systems 
in many ways. It is doubtful whether adequate fuel 
solubility can be attained, without excessive tem- 
peratures, for the useful consideration of fast reactor 
systems. However, circulating fuel slurry systems have 
some similarities, and could include fast reactors. The 
temperature differences with circulating fuel will be 
small and the outlet temperature very near to the 
maximum of the fuel. This will be higher than the 
temperature permissible in any solid canning material, 
which is, of course, a very significant advantage. Such 
systems do, however, raise a large number of additional 
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Nuclear Power 


problems of safety, control and general reactor engineer- 
ing and, while extremely attractive, must be regarded 
as very long-term projects. 


Reactor temperature limitations 

The temperatures that can be achieved in a reactor are 
of fundamental importance to possible gas-turbine applica- 
tions. As mentioned, all systems actually in operation are 
extremely conservative and give no clear indication of 
the likely limits. 

Uranium melts at just over 1100°C, but has a phase 
change at 660°C, which leads to metallurgical difficulties. 
UO, and UC, however, have melting-points over 2000°C, 
so that the fuel is not likely to be the limitation if these 
ceramic forms, or alternatively the varibus graphite or 
beryllia mixtures with these fuels, are used. It is, however, 
necessary in most reactors to can the fuel, both to give 
mechanical strength and to prevent interaction with the 
coolant. and so can strength and creep are likely to be 
more severe limitations. The refractory metals zirconium, 
vanadium, niobium, tantalum, tungsten and molybdenum 
are the most satisfactory for high-temperature operation, 
but there is little experimental data and practical engineer- 
ing experience on these metals. 

The coolant itself may be a limitation. Thus, at atmos- 
pheric pressure, sodium boils at 880°C and should not be 
run near this temperature. Quite moderate pressurisation. 
however (80-100 Ib/sq in.), will take the boiling-point well 
over 1000°C. 

As a rough indication we may say that coolant outlet 
temperatures of 700-800°C, with metal temperatures 
100-200°C higher, should present no fundamental 
difficulties. but they will involve extensive development 
work. Higher temperatures will be progressively more 
difficult to achieve, but the difficulty may well be then 
in the heat exchanger, since the refractory metals nearly 
all oxidise badly and steels have to be used for liquid- 
metal/air heat exchangers. This might be a reason for 
using helium or another inert gas as the turbine working 
fluid in very high-temperature applications. Heat exchan- 
gers could then be fabricated from the refractory metals. 


Open or closed cycle and choice of gas 

The natural choice for a reactor application would be a 
closed cycle. In the direct system this is fairly obvious. 
In other cases it may not be directly apparent but it is 
always important to reduce the size, weight and general 
bulk of the power plant. This is true of all gas turbines, 
but it is especially so in the case of the indirect nuclear type 
in which at least one heat exchanger is essential — and for 
reasonable efficiency, more than one. The greatest bulk 
in the plant will almost certainly be in these heat exchangers 
although pressurisation will allow considerable size reduc- 
tions (volume oc 1/(pressure)** approx). Them main prob- 
lem of closed-cycle operation is control: the usual method 
suggested is by varying the cycle upper (and general) 
pressure levels. 

One would certainly not use a closed cycle in a high- 
performance aircraft because there is no useful heat sink 
(coolant). Similarly power plant in an area of poor water 
supply might well use the open cycle. Otherwise, the 
closed cycle is the normal choice. Using reactor heat and 
working on a closed cycle there is no stack loss: in oil- 
fired closed-cycle systems (or solid chemical fuel), this 
loss may be about 15 per cent of the heat supply. 


Having decided on a closed cycle, one then has a choice 
of gas. In the direct reactor link-up one must use a gas of 
low cross-section which does not become active: helium 
(preferably from well sources—not the atmospheric, 
because of lower He® abundance) is an obvious first 
choice. Hydrogen or carbon dioxide may also be con- 
sidered, a comparison of these and other gas coolants is 
given by Diamond and Hall*. As far as the rotating 
parts are concerned, helium is at a disadvantage since its 
high specific heat and polytropic index means that a very 
large number of compressor stages may be needed. On 
efficiency, there is little to choose between the systems. 

Similarly, in the separate gas-turbine systems, helium 
is a possibility, but here air is probably best. What one 
gains on heat-exchanger size from helium is lost on the 
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Fig. 3 at a given pressure-ratio the efficiency 
depends on the maximum temperature 


compressor and turbine sizes. A large number of possible 
gases have been considered, but the general conclusion 
remains that air is hard to beat: there is very little to 
choose in efficiency on any of the systems. From a prac- 
tical viewpoint, with its great backlog of experimental 
experience and data (mainly from the aircraft field), air 
is the obvious choice. 


Gas turbines in nuclear aircraft 

As far as the aircraft engineer is concerned, the nuclear 
reactor is simply a source of heat and merely replaces the 
fuel and combustion system. Its main attraction for 
mobile applications is the extremely high effective calorific 
value of nuclear fuel compared with chemical fuels. In 
theory, the nuclear value is about 10° times the chemical; 
in practice, with the worst burn-up limitations, it is still 
many thousand times as great. The greatest drawback is 
the necessary shielding. 

The fundamental advantages that nuclear propulsion 
may confer on the aircraft design are twofold, although 
in reality they are only different aspects of this same high 
effective calorific value already mentioned. These are: 
long range and long endurance —and there are possible 
applications requiring either of these. Because of its low 
fuel consumption, it is nearly certain that any reactor 
aircraft which could fly would be able at least to circle 
the earth (some 25,000 miles). The usefulness of this is 
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open to doubt; what really matters is what aircraft range 
is required and what conventionally fuelled planes can 
offer. The general conclusion appears to be that only in 
the supersonic long-range field is there any requirement 
that cannot be met with conventional engines and their 
forseeable developments. 

The long-endurance application is rather different. 
High performance is not required: merely the ability to 
remain in the air. It is apparent that such aircraft might 
be useful in any air-defence system. There are also 
possible civil applications such as flying television stations. 
Any aircraft reactor will almost certainly be combined 
with some form of gas-turbine unit. It might at first 
appear that nuclear power could open the way to a number 
of unconventional heat cycles and power plant, but further 
consideration and rough calculations indicate that this is 
not so. The fundamental drawback of closed cycles for 
aircraft is the disposal of the waste heat, since the only 
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must have a straight-through turbojet simply replacing 
the combustion chamber by a liquid-metal heat exchanger. 
The liquid metal circulating to the jet engines will not, in 
general, be that passing through the reactor: it will pay 
in most cases to use a secondary liquid-metal circuit for 
this purpose and a liquid-metal/liquid-metal heat ex- 
changer close to the reactor. This is because of the radio- 
activity (gamma-ray) generated in the primary coolant 
and the consequent shielding requirement of this coolant. 
If the secondary circuit were not used, shielding of pipes 
to engines and of engine heat exchangers would be needed. 
This is certainly true in the case of sodium; however, with 
the most attractive liquid-metal coolant, lithium (which 
however requires general handling experience), this 
secondary circuit may not be needed. 

Even the elimination of closed cycles and concentration 
on the open jet engine does not remove all the weight 
difficulties. for anything in the way of a conventional type 


possible coolant is the air itself and at high speeds and 
high altitudes this is not very good. In fact, with such 
systems it is found that the waste-heat exchanger would 
be larger and heavier than the reactor and so completely 
destroys the usefulness of any project. One is therefore 
driven back to the more-or-less conventional open cycles 
of turboprop, turbojet or ramjet. 

Now, on the first types of aircraft nuclear power plants 
—they are likely to use liquid-metal cooling — and indeed 
on all in which a heat exchanger is fundamental (i.e. unless 
the reactor is directly air-cooled which may well give too 
large a system to shield), the engine temperatures will be 
considerably lower than those on contemporary conven- 
tional engines. This eliminates the ramjet, which in any 
case is inferior to the turbojet on long-range applications 
below, say, Mach 3. It also eliminates the turboprop. 
because with the lower temperature and incorporation of a 
heat exchanger, engine weight becomes very important: 
indeed, in some cases the weight of the engines may be 
greater than that of the reactor. The turboprop would 
give a further weight increase that cannot be tolerated, so 
that even in subsonic long-endurance applications we are 
driven to the turbojet engine. Again, for weight reasons. 
we cannot contemplate a regenerative heat exchanger. 
however attractive this might be thermodynamically; we 
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of heat exchanger would still give prohibitive size and 
weight. Extreme measures will therefore be necessary to 
realise a practicable engine—particularly for the high- 
performance supersonic aircraft, thus: 

(a) It will need flat-plate or finned-plate liquid- 
metal/air heat exchangers with very thin metal plates, 
suitably stiffened, between sodium and air. A plate 
thickness of 0-005 in. in, say. stainless steel is thought 
to be a realisable target and it must be remembered 
that such plates have to be welded into an absolutely 
leak-tight unit, for any sodium-air leak may lead to a 
serious fire—apart from the effects on the reactor. 
While it is not thought that there is any fundamental 
difficulty in doing this (only difficult engineering work). 
the behaviour of such units under service conditions — 
i.e. fatigue and creep effects—raise a large question 
mark and can only be verified experimentally. 

(b) A large mean temperature difference is required 
to make the exchanger of reasonable size; this is in 
direct conflict with the requirements of high temperature 
for the jet engine and low temperature for the reactor. 
However. by using only a moderate temperature rise 
in the sodium circuit and a much larger air temperature 
rise, this may be achieved. Thus. for sodium tempera- 
tures of 625-825 °C and gas temperatures of 250-800°C, 
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we have a mean temperature difference (logmean) of 

129°C for a top difference of 25°C. The disadvantage. 

of course, is the increased flow of sodium and the 
limitations on reactor power that may be involved. 

From over-all aircraft considerations there will be an 

optimum value of this liquid-metal temperature rise: 

this will be relatively low due to the above reason. 

Keeping this figure low has additional advantages in 

reducing the problems of thermal expansion and mass 

transfer in the reactor core and sodium circuit. 

(c) High air velocities — 200-300 ft/sec—with corre- 
spondingly high pressure losses in the heat exchanger, 
are necessary. Although these cause an appreciable 
loss of engine thrust, the saving in weight in the heat 
exchanger is sufficient to justify this from the view- 
point of over-all aircraft performance. There is again 
an optimum figure, but this would appear to be with 
over 15 per cent pressure drop. 

The main obstacle to the practical realisation of a 
nuclear aircraft project is shielding, and contemporary 
standards could not be tolerated. Even after adopting 
every device for reducing shielding—e.g. shadow. or 
partial shielding of the crew area only; placing the crew 
at a long distance from the reactor and thus gaining from 
the square law attenuation with distance: the use of 
special materials—it still remains a matter of some doubt 
whether the shield weight can be reduced enough to make 
a manned aircraft possible. If personnel are not to be 
carried, however, the problem is far easier and there is 
little doubt that an unmanned supersonic aircraft or a 
long-endurance slower machine of this type, powered by 
nuclear energy.could be developed. There are, nevertheless. 
other difficult problems involved, such as the crash hazard 
to surrounding areas. 


Marine propulsion 

As distinct from aircraft. where a gas-turbine system 
is virtually a necessity, there are other contenders in the 
field of marine propulsion. One must bear in mind that 
the introduction of even the conventionally fuelled gas 
turbine is proving a slow business; it is having to prove 
its worth in a hard field. 

Nuclear power for ships has found its first application 
in the USS Nautilus and has taken the form of steam from 
a pressurised-water reactor. Inevitably there will be built 
up a backlog of experience on systems of this type and, 
with the rather slower tempo of progress in marine 
engineering, it would not be surprising to see this well- 
proven system have a long run. After this there are many 
other contenders. including sodium reactors with steam 
plant and hydrocarbon-moderated reactors, also with 
steam plant. 

The advent of the nuclear gas turbine is likely to await 
the satisfactory operation of a direct gas-cooled reactor 
turbine cycle. A system of this type was briefly discussed 
by Maddocks*. The great simplicity and high efficiency 
offered by the development of a plant of this type might 
eventually turn the marine industry away from steam. 


Land-based installations 

Much that has been written about marine applications 
applies equally to problems of land-based power. In the 
more complicated cycles using liquid-metal cooling or 
liquid fuel the improvements obtained in changing to air 
from steam will be marginal ones on efficiency. The 


impetus for a gas-turbine application will have to come 
elsewhere than from efficiency gains and this may well 
be provided by the simplicity, cheapness and high effi- 
ciency of the direct gas-turbine reactor cycle, with the 
elimination of high-temperature heat-exchanger problems. 

We would venture to predict that gas turbines may first 
find their way to meeting large stationary power require- 
ments in this form, i.e. directly coupled with a homo- 
geneous-fuelled gas-cooled reactor. 

It may be argued that no really large power gas tur- 
bines have yet been operated. This, however, is not really 
a serious objection, partly because the closed-cycle systems 
envisaged will give high outputs from quite small sizes of 
plant, and secondly because a fair number (4-8) of gas- 
turbine sets to one reactor would provide no serious 
problem. Indeed, from safety emergency cooling, and 
maintenance considerations, such a solution would have 
considerable attraction. In fact, the principle of more than 
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entropy-S—=— 
Fig.5 the cycle of Fig. 4 can be 


followed on the temperature-entropy diagram. 
State points correspond with Fig. 4 


one prime mover per reactor appears to have been already 
adopted, e.g. at Calder Hall. 

Gas turbines with a separate reactor coolant circuit 
(i.e. gas or liquid-metal primary cooling) may find a 
place at an earlier date as prime movers for small power 
requirements, say less than 20 MW‘. The need for small 
power output plant comes largely from more remote areas, 
where the lightness and simplicity of the gas turbine 
would be a considerable advantage. Moreover, many such 
areas lack water, so that an open-cycle gas turbine would 
have a strong appeal. 
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An introduction to control 


1. The fission process 


Nuclear reactors make use of the fission process that 
can take place in certain heavy elements. This is initiated 
when a neutron is captured by an atom of fissionable 
material. The atom splits up into two smaller atoms — 
the fission products —some further neutrons and also 
some gamma-rays. On the average, about two and a half 
further neutrons are liberated per fission and if one of 
these from each fission can be made to produce a further 
fission, then we have established a chain reaction. 

Although a number of nuclides are fissionable, only three 
are suitable as fuel. First, there is U2® which occurs in 
natural uranium mixed with 138 times as many atoms of 
U2, Next, there is U*** which does not occur in nature 
but can be made in nuclear reactors from thorium 232. 
Lastly, we have another man-made nuclide, plutonium 
239, which is made from U**. 

The neutrons ejected at fission have an energy of around 
2 million electron-volts (2 MeV). However, the chances of 
a given neutron producing a fission are considerably 
improved if it is slowed down to the thermal energy of its 
surroundings (about 35 of an electron-volt) by means of a 
moderator, such as: heavy water, ordinary light water, 
graphite and beryllium. Reactors operating by fission with 
neutrons of thermal energies are called thermal neutron 
reactors. Reactors can be constructed that make use of 
high energy neutrons, but they need more fuel or purer 
fuel than thermal reactors and, although they are called 
fast reactors, the name refers to the energy of the neutrons 
and not to the speed of action of the reactor under normal 
conditions. 

A very large quantity of energy is liberated with each 
fission, most of it ultimately is converted into heat and 
this, of course, is the main interest for nuclear power 
production. The quantity is about 200 million electron- 
volts for each of the nuclear fuels and Table I shows how 
this is split up for U** fuel in a particular reactor. 


Table | distribution of fission energy 


MeV 
| kinetic energy of fission fragments | 167 
| energy of fission gamma-rays 5 
| kinetic energy of fission neutrons 5 | 
_ energy of fission product beta- 
| emission 5 ; 
| energy of fission product gamma- — 
| emission 
| depends | 

energy of neutron capture gamma- upon 


rays 8 — reactor 


total 197 | 


The last item, the energy of gamma-rays produced by 
neutron capture, depends upon the materials in the 
reactor that can capture neutrons, and therefore differs 
in size for different reactors. All the fission energy is 
released at the instant of fission except for the fission 
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product beta- and gamma-emissions. Most of the fission 
products are radioactive and they emit beta- and gamma- 
rays some time after the fission that produced them, and 
therefore quite independently of whether the chain 
reaction continues. 

Fig. 1 shows how this form of heat generation falls-ofi 
after a reactor is abruptly shut down. While the reactor 
is running this fission product heat accounts for about 6 
per cent of the total. Twelve hours after the reactor is 
shut down, it still amounts to about | per cent of what the 
operating power level had been. In power reactors, this 
usually means that the coolant circulation must be con- 
tinued, but at a reduced rate, even after the reactor has 
been shut down. It also means that the reactor must be 
started up by neutron flux information, but this will be 
explained in more detail later. 


2. The chain reaction 
2.1 multiplication factor 


For the chain reaction to be self-sustaining each fission 
must produce a minimum of one neutron that produces a 
further fission. The multiplication factor K may be defined 
as the ratio of the number of neutrons in the reactor in any 
one generation to the number of neutrons in the 
immediately preceding generation. When K is equal to. 
or greater than, unity a chain reaction persists, but if K 
is less than unity the neutron population of the reactor 
must decrease and the chain reaction dies out. 

If the total neutron population of the reactor during 
one generation is n, there will be nK during the next. If 
= seconds is the mean lifetime of the neutrons, there will 
be 1/z generations per second. So that the rate of change 
of the neutron population per second will be 


dn n(K 


dt (1) 


The effective value of K at any time is called K,,. The 
term reactivity 9 is defined as 


a 


2.2 methods of controlling reactivity 


Thermal reactors are normally designed to be suffi- 
ciently large so that the chain reaction can be sustained 
under most normal operating conditions. Neutron absorb- 
ing material can then be inserted in the form of rods or 
plates to reduce the reactivity to the desired level (as in 
BEPO or LIDO). With a reactor using a liquid moderator 
it is possible to control the value of 9 by varying the 
height of the moderator — this is done in DIMPLE. 

With a fast reactor, the effectiveness of neutron 
absorbers is considerably reduced and only the separated 
isotopes of B'° or Li® can be used. Because fast reactors 
usually use a relatively small amount of high purity fuel. 
a practical method of control is to move actual fuel 
elements in spite of the fact that they must be cooled. 
This is done in ZEUS. The plutonium-fuelled fast reactor 
ZEPHYR is controlled by moving part of the reflector. 
The core of ZEPHYR is surrounded by a reflector of 
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VHE MULTIPLICATION FACTOR and reactivity 
of a reactor are explained and defined and methods 
described for controlling them, taking into account the 
effects of delayed and photo neutrons. The solution of 
the reactor kinetic equation is discussed and the impor- 
tance of the reactor transfer function emphasised. 
Changes in reactivity during operation due to depletion 
of fuel and poisoning are mentioned and the article 
concludes with the development of the principles of 
automatic control. This article, and a future one. are 
based on post-graduate lectures recently given at Cam- 
bridge University. 


LAUTEUR EXPLIQUE et définit le facteur multi- 
plicateur et la réactivité dun réacteur, et expose les 
moyens de les controler, en tenant compte des effets des 
neutrons retardés et des photoneutrons. Il étudie la 
solution de Véquation cinétique de réacteur et insiste sur 
Uimportance de la fonction transfert du _ réacteur. 
L’auteur mentionne les changements de la _ radio- 
activité en cours de fonctionnement, dus a Vépuisement 
du carburant et les intoxications, et il conclut en 
développant les principes du contréle automatique. Cet 
article, ainsi quun article qui lui fera suite, est basé 
sur des conférences destinées aux diplémés, données 
récemment @ UUniversité de Cambridge. 


MULTIPLIKATIONSFAKTOR UND RADIO- 
AKTIVITAT eines Reaktors werden erklaért und 
definiert und Verfahren fiir deren Steurerung unter 
Beriicksichtigung der Wirkung von verzdgerten und 
Photo-Neutronen beschrieben. Der Verfasser bespricht 
die kinetische Reaktorgleichung und betont die Wich- 
tigkeit der Ubertragungsfunktion des Reaktors. Die 
Arbeit befaszt sich weiterhin mit den wdhrend des 
Betriebs auftretenden Verdnderungen der Radioak- 
tivitat, die durch Brennstofferschépfung und—ver- 
giftung verursacht werden, und abschlieszend wird die 
Entwicklung der Grundlagen der selbsttatigen Steuerung 
hesprochen. Dieser Artikel—und ein weiterer, der 
spater folgen soll—griinden sich auf Vortrdge, die 
kurclich in Cambridge fiir Horer mit abgeschlossener 
Hochschulausbildung gehalten wurden. 


SE EXPLICAN Y DEFINEN el factor de multipli- 
cacion 4 la reactividad de un reactor, y también se 
describen los métodos para controlarlos, teniendo en 
cuenta los efectos de los neutrones retardados y fotoneu- 
trones. Es discutida la solucién de la ecuacion cinética 
del reactor y subrayada la importancia de su funcion de 
transferencia. Cambios en la reactividad durante el 
funcionamiento, originados por el agotamiento del 
combustible y contaminacién, son comentados, y el 
articulo termina con el desarrollo de los principios del 
control automatico, Este articulo, y otro que se publicara 
en el futuro, estan basados en las conferencias de un 
curso de ampliacién de estudios celebrado recientemente 
en la Universidad de Cambridge. 


OB bACHAETCH If OUPEJIEJIHAETCA myaomu- 
U pearmusnmit Gakxmop peaxmopa, a 
Heimponos Pomonetiimponos. OGcyocdaemca peumenue 
YPABHEHUAR peakmopa U 
6awcnocmb nepedamounoix gynxyutt. Cmamos 
nacaemca U UsMeHeHUt BO *epeMA 
Jelicomeun @ pesylomame ucmowenua 
ompaerenua. B 20e0pumca paseumuu 
MAK sce KAK U KoMOpPAAK 
ocHosana Ha HeEdaeHo 6 
ynusepcumeme yore YHu- 
KYpC. 


natural uranium. If a rod of uranium near the core is 
removed, a hole is left through which neutrons can escape 
and therefore the reactivity is reduced. 


2.3 reactor power proportional to neutron population 

When a reactor is running with the multiplication 
factor K equal to unity, then the neutron population of 
the reactor n remains constant. However, each neutron 
lives on an average for only + seconds before being 
regenerated by a fission process, so that the number of 
neutrons being generated per second is n/t. If we let v be 
the average number of neutrons produced per fission, 
then the number of fissions per second equals 


(3) 
However, 3-1 x 10" fissions/second = 1 watt (4) 


] 
10 
Thus the reactor power is proportional to the neutron 
population of the reactor. 

If we had a reactor running at 100 megawatts with a 
mean neutron lifetime of 10~? seconds and a value of y of 
2-5, then the neutron population n = 10° « 10°* x25 x 
3-1 x 10'° = 7-7 x 10% neutrons at any instant. 


“. reactor power P = watts (5) 


3. Reactor kinetic behaviour, without delayed neutrons 


We have seen that the rate of change of the neutron 
population is given by equation (1). However, there is 
always a source of neutrons present in a reactor, either 
from the spontaneous fission process in the fuel itself, or 
from a “source” intentionally placed in the reactor. If 
this source has an emission rate of S neutrons per second 
then equation (1) is modified to 


(6) 


3.1 the reactor critical 
When K,, = 1 the reactor is said to be critical. Then 


dn 


z= S. The neutron population, and therefore the power, 


increases linearly with time. However, this increase in 
power level is usually so slow, that for most practical 
purposes it can be said that when the reactor is critical 
the power level is constant. 


3.2 the reactor sub-critical 


When K,, < 1 the reactor is said to be sub-critical. The 


dn 
neutron population will decrease until _- = 0. 


dt 


i.e. 
nS 


The reactor therefore acts as multiplication of the source 


neutrons by a factor 


1 . 
= * . For example, if K,_ == 0-98 


n 
then— = S x 50 neutrons/second. 


3.3 the reactor super-critical 

Integrating equation (6) gives 
(Ker 


. 


n=n 


St (8) 


where ny is the neutron population at time t = 0. 

If ny is large compared with S, then the linear term can 
be ignored compared to the exponential term. If we 
consider the case where + = 10~* seconds, and K,» is a 
mere } per cent larger than unity, then the neutron 
population will increase by a factor of e°( 150) in only 
one second. Fortunately, a few of the neutrons are not 
emitted at the instant of fission, and these delayed 
neutrons considerably slow up the kinetic behaviour of a 
reactor. 


4. Delayed neutrons 

We have said that most of the fission products are 
radioactive. Six of these are neutron emitters. Table II 
gives values for the yield of delayed-neutrons of the 
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various half-lives for different fuels. These values are 
expressed as a percentage of the total number of neutrons 
produced in the reactor. The total fraction of neutrons 
which are delayed is called / and it will be noticed that it 
varies considerably for the different fuels. U*** has been 
included in this table, although it cannot be used as a fuel 
by itself. This is because it often occurs in large quantities 
in reactors, and although the number of fissions occurring 
in it might be small compared to those in the primary fuel, 
its value of ( is so high that the value of f for the reactor 
can be much higher than for the primary fuel. For instance, 
the value of f for Pu*** is 0-24 per cent, but in ZEPHYR the 
measured value of / is 0-32 per cent — the difference being 
due to the fast fission in U***. 
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delayed neutrons with a half-life corresponding to that 
of the gamma-emitter. The yield of these so-called photo- 
neutrons is dependent to a certain extent upon the 
geometry of the system as well as the type of fuel. Table 
III gives the yield of these for a typical U** heavy water 
system. 

It will be noticed that although the value of f for these is 
only 0-032 per cent, most of the half-lives are very long 
and considerably affect the control of the reactor at shut- 
down. 

The threshold-energy of the photo-neutron process in 
beryllium is 1-67 MeV, so we would expect a number of 
additional gamma-emitters to produce neutrons in a 
beryllium moderated system. 


] ] Fig. | after an 
| abrupt shut-down, 
+ fission product decay 
| continues to produce 
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The change in value of § during the life of a reactor can 
be quite significant. In a natural uranium reactor, while 
the U** is being consumed, U** is being converted into 
Pu**, If the value of this conversion ratio is high then 
the reactor should be capable of being run for prolonged 
periods without changing the fuel rods. However, as the 
life of the fuel increases the proportion of fissions occurring 
in Pu*** will increase and the value of § will therefore fall. 


4.1 photo-neutrons 

With reactors which employ heavy water or beryilium 
as a moderator there is a further source of delayed 
neutrons. Heavy water will emit neutrons if it is bom- 
barded by y-rays with an energy greater than 2-21 MeV. 
A number of the fission products have energies greater 
than this threshold level, and will therefore produce 


Table I1 delayed neutron yields in various fuels 


ield, w,B per cent 

half-life, sec (233 L235 [238 Py239 
35°6 0-029 0-023 0-021 0-009 
22-0 0-080 0-154 0-216 0-069 
4-51 0-116 0-197 0-341 0-078 
1-52 0-065 0-223 0-586 0-069 
0-43 0-011 0-079 0-276 0-015 

0-05 — 0-023 

total delayed 

neutrons B 0-301 0-699 1-440 0-240 


time after shutdown in minutes 


5. Effect of delayed neutrons on the kinetic behaviour 


We must modify our equation (6) to allow for the 
delayed neutrons. First we must subtract the number of 


neutrons which are delayed (i.e. “B) and then put them 


back into the equation with the right time dependence. 

Considering the delayed neutrons of type i, it will be 

produced at a rate A,r; per second, where r, is the total 

number of atoms in the reactor that will produce neutrons 

of the i type and /, is the decay constant of that nuclide. 
It follows that equation (6) becomes 


d K 1 i= n 
t = 1 


We also need an equation for the time dependence of r,. 


Table Ill delayed photo-neutron yield in U**-D,O 


system 
half-life, T, sec yield, u,B per cent 
2-49 0-0207 
40-9 0-0065 
141-4 0-0022 
454-0 0-0011 
1-62 x 10° 0-00067 
5:99 x 10° 0-00074 
1-57 x 104 0-00010 
1-89 = 105 0-00003 
total B 0-032 | 
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The rate of production of atoms of nuclide of type i will 
n . . 

be where is the fraction of that is due to the 

i type. The rate of decay of the nuclide is, of course, 

Ady 


So we have: 


dr; (10) 
Ail; 
dt; 
There will be an equation of the above type for each 
delayed neutron. 

Equations (9) and (10) are usually referred to as the 
reactor kinetic equations. 

Table IV gives values of the mean neutron lifetime = 
for five of the Harwell reactors. 
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for several examples shows differences between 


uranium- and plutonium-fuelled reactors 


5.1 solution of reactor kinetic equations 


A solution of the reactor kinetic equations will be of the 


form 


n= 4, ee 4 A, A, (11) 


where the values of %,. %. ete.. are approximately equal 


Table IV mean neutron lifetime for various reactors 


reactor type 7 Sec 

BEPO Thermal, natural uranium 1-4 x 10-3 
graphite moderated 

DIDO Thermal, uranium 235, heavy- | 1-4 = 10 * 
water moderated 

ZEPHYR] Fast, plutonium 239, natural ~ 107 
uranium 

LIDO Thermal, uranium 235, light- | ~ 5 « 10° 
water moderated 

ZEUS Fast, uranium 235, natural ~~ 10°? 


uranium 


to —A,, —A,, ete. Obtaining solutions to these equations is 
very laborious. For this reason, analogue computers are 
almost universally used nowadays. However, it is instruc- 
tive to consider two simple particular cases. 

5.1.1 For a positive step in reactivity 9, the value 
of %.in equation (11) will be positive, but all the other 
exponents are negative. Therefore, after a positive step in 
9. as the time t increases, all the terms except the first will 
rapidly decrease to zero. Hence after an initial transient, 
the equation reduces to 


ew (12) 


that is, the reactor power increases exponentially with 
time. 
If we let T, = time taken for reactor population (and, 
therefore. power) to increase by a factor e 
and A, = Any, where A is introduced to take care 
of the transient and ny is the neutron 
population at time t = 0 


then n = Ange (13) 
T, 


. is called the reactor period. A related term — the 
reactor doubling time —is defined as the time taken 
for the reactor power to double itself. 

Fig. 2 shows the value of the reactor period plotted 
against the reactivity for a variety of reactor types. It will 
be noticed that there are two main groups of curves, the 
upper ones 1, 2, 3 and 4 being for uranium-fuelled reactors 
and 5, 6 and 7 being for plutonium fuel. Reactor number 
1 is DIDO which is heavy-water moderated; the lower 
part of its curve is above the other three in its group 
because of its photo-neutrons. Number 4, ZEUS, is a 
fast reactor, but it is indistinguishable from 2 or 3 for 
periods greater than about 5 seconds. This is an important 
point. It demonstrates that over the normal range of 
reactor periods, the operator cannot possibly tell the 
difference between a thermal reactor and a fast reactor. 
LIDO (No. 3), which is a thermal reactor, is identical in 
this characteristic to ZEUS down to periods of about 
second. 

The curve for ZEPHYR (No. 6) lies above No. 7—a 
theoretical plutonium fast reactor — for the shorter periods 
because the presence of U** increases the value of f, the 
delayed neutron fraction. 

For DIDO a reactivity of } per cent gives a period of 
about 34 seconds; this should be compared to the value 
of } second calculated in para. 3.3 neglecting delayed 
neutrons. It is apparent that the response of a reactor is 
considerably slowed up by the delayed neutrons. 

5.1.2 For a negative step in reactivity 9, all the 
terms in the general equation (11) will have negative 
exponents. The initial transient will not be so pronounced 
as for a positive step. For large negative steps, after the 
transient has died away the decay of neutron power will 
be an exponential corresponding to the decay of the 
longest delayed neutron group, that is a reactor period 
of 80 seconds. This is of importance when we are con- 
sidering methods of shutting down a reactor. By using 
large shut-off rods inserted quickly, the power may be 
dropped quickly by a factor of up to about 10. The time 
taken to reduce the power by a factor of 100 or more is 
not very much altered by either the size of the rods or the 
rate they are inserted. 


to be continued 
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inside 
HARWELL 


For the first time in its ten-year 
history, selected members of the public 
were invited to tour the Atomic Energy 
Research Establishment during the 
last week in May. Harwell is now one 
of the world’s leading nuclear energy 
laboratories and owing to a_ recent 
security let-up much hitherto-classified 
work was on view. These photographs 
show only a few aspects of the many- 
I sided activities now going on there, 


On and around BEPO~—-the 65-MW air-cooled 
graphite-moderated pile from which much reactor 


experience has been obtained. 


I On top of the reactor. The shut-off rod jacks are ; 
below the cast-iron tread plates: the tall apparatus 
in the centre is an experimental probe. 2 Gantries 
and cranes by the charge face. 3 A lead coffin (left) 
lies beside the discharge face, ready to receive 
irradiated fuel rods. 4 On the control face, four 
horizontal control rods containing boron carbide 
regulate the reactivity. Part of the charge face and 
its rising gantry can be seen to the left. § The store 
for highly active irradiated elements. @o@e@ 
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6 In a special building, a 100-ft long proton linear 7 An injector of the Cockcroft-Walton type 


accelerator with a final energy of 50 MeV, is under produces a 0-5-MeV beam to the first tank of 
construction. This is the first “tank” of three the proton accelerator. It is movable 
to be installed longitudinally to adjust the beam 


inside 
10 In the chemical engineering building 
experiments are carried out on 
liquid liquid extraction eoliinins-- 12 Dressed in protective clothing 
a Harwell worker operates 
a beta or gamma monitor. 
This measures beta and 
If Aluminium models of DIDO-type gamma activity together or 


elements —- one partly sectioned gamma separately 
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type 8 The injector is seen beyond the columns 
nk of of the Cockcroft-Walton generator 
vable 


HARWELL 


thing 

rates 

eee. 13 Isotopes, prepared in BEPO, are placed 
er in this heavily shielded store until 

_—- required for use. The walls are of lead, with 
ately tongs for manipulating the isotopes 


9 The ion source and focusing 
power supply platform 


14 Now under construction is LIDO, 

a swimming-pool reactor intended for 
shielding problems. This model shows how 
the core, suspended from a trolley 

with control platform, may be 


moved inside the concrete tank 


photos: John Ross 
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New lightweight portable instruments 
will aid the search for uranium ores 


UNTIL SUCH TIME as plutonium 239 can be bred in bulk 
from the non-fissionable and major constituent isotope 
(U**) of naturally occurring uranium, atomic fuel for 
power-producing reactors may continue to be natural 
uranium metal containing the fissionable and minor con- 
stituent isotope U*, The expanding scale of power 
reactors in the very near future therefore underlines the 
need for extending present resources and continuing the 
intensive search for further ore deposits which are of 
sufficiently high grade to warrant exploitation. 

Prospecting techniques, such as geo-physical. geo- 
chemical and geo-botanical, have been applied to the 
search for uranium, yet the most important and specific 
technique so far developed relies on the detection and 
measurement of the gamma and beta radiations from 
uraniferous ores. It is therefore not surprising that radio- 


Fig. | a transistorised version of the 
geiger-miiller counter field ratemeter, 


Type 1368A, by Ericsson Telephones Ltd 


Fig. 2 a portable scintillation counter, 
Type 1413A, developed at Harwell 


The development of radiometric 


metric prospecting instruments should have been inten- 
sively developed by research and comercial undertakings 
both in this country and abroad. 


The amateur prospector 


The trend of development in the United Kingdom has 
been towards improving the portability of instruments, 
by decreasing their size and weight, and increasing their 
sensitivity. Initial prospecting for outcropping mineralisa- 
tion can now be undertaken, using low-flying aircraft, 
land vehicles, or on foot with either the lightweight or the 
more comprehensive portable survey meters. These light- 
weight instruments have made it possible for the self- 
financed amateur prospector to play a significant part in 
the world-wide search for new sources of uranium, thus 
relieving the trained geologist to assume his major role of 
primary assessment of “finds” using the more comprehen- 
sive and precise instruments. 

If the development towards improved portability can 
be said to have progressed step by step. from the first 
crude applications of instruments embodying early ver- 
sions of geiger-miiller counters, then these steps are 
clearly marked chronologically by the advent of the cold- 
cathode valve. the halogen-quenched geiger-miiller coun- 
ter and the transistor. This last component has also 
allowed the introduction of the gamma-sensitive scintilla- 
tion to this 
electronics, and in particular air-search equipment, is its 


counter whose main attribute branch of 
ability to give improved discrimination between terrestrial 
gamma radiation and cosmic radiation. 

Future steps may rest on the sub-miniaturisation of 
standard components and the development of long-lived, 


regenerating. compact, power sources, 


What is needed 


It is important to realise at the outset those qualities 
which contribute to the hall-mark of a good prospecting 
equipment, apart from the obvious ones of light weight, 
small size, ease of handling and robustness. Importance is 
attached to reproducibility of measurement under all 
conditions of climatic variations and usage, such as 
extremes of temperature, ambient pressure and humidity, 
longevity or easy replacement of universally available 
power supply, a sensitivity of a suitable order and a 
reliability of operation such as to inspire confidence of 
operation in locations remote from servicing facilities. 

The early versions of portable car-borne and air-borne 
equipment utilised multiple, high-voltage operated geiger- 
miiller counters to give a well-worthy degree of sensitivity 
and necessarily employed hot-cathode valves for the 
trigger and ratemeter circuits. These systems, unecono- 
mical in battery power, used cumbersome multiple-type 
battery supplies. 

The halogen-quenched counter operating at reduced 


E.H.T. voltage did much to simplify the E.H.T. generator 
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prospecting instruments 


circuits and give better reliability to the instruments. 
They were first employed in a production unit with cold- 
cathode valves. The combination of low-voltage detectors 
and non-filament valves eventually led to a survey 
instrument (Portable Ratemeter 1280B") weighing 8} 
pounds, including a multiple-stack of single-type batteries 
separately sealed from the main component compartment. 
This gamma-sensitive instrument was quickly followed 
by the Type 1292B, sensitive to both beta and gamma 
radiations, with its associated extension probes and assay 
equipment. The Type 1292B was significant in making 
possible “‘on the spot” primary assay of ore grade by the 
professional geologist with reasonable confidence, but it 
was still an expensive instrument and there was no real 
counterpart for the amateur prospector. Further, the 
long de-ionisation time of the cold-cathode valve intro- 
duced appreciable non-linearity of calibration at high 
count rates and restricted their use to geiger-miiller-type 
detectors. The dilemma facing the designers at this stage 
was therefore one of using a small number of geiger-miiller 
counters on considerations of weight and size. yet requir- 
ing to use as many counters as possible to increase sen- 
sitivity to a value known to be obtainable from the 
scintillation counter. 


Scintillation and GM counters 

Once it was established that the junction-type tran- 
sistor was likely to be as reliable as the cold-cathode valve 
the solution to the dilemma rested in the potentiality of 
this new miniature component which required no filament 
power, operated at very low voltage and current levels 
and at frequencies sufficiently high to handle scintillation 
counter pulses. Its use implied low voltage, small capacity. 
and hence lightweight batteries and the realisation of a 
portable scintillation survey instrument. The one out- 
standing difficulty in its use, namely the marked change 
of characteristics with temperature, was overcome by 
Franklin and James *, and simultaneous development of a 
transistorised version (Type 1368A, Fig. 1) of the geiger- 
miiller counter Field Ratemeter 1292B and scintillation 
counter equipments (Types 1181B, 1413A (Fig. 2) and 
1444A) for gamma survey followed. 

Both the portable scintillation and the geiger-miiller 
counter instruments (Types 1413A and 1368A) employ a 
transistor oscillator to generate the detector voltages of 
1400 and 450 respectively. with a corona discharge tube 
providing a high degree of voltage stabilisation over a 
large variation of supply voltage and current drain, a 
transistor trigger circuit, and a simple integrating circuit 
feeding the 50-microampere meter indicator and/or plug- 
in recorder. It is worth commenting that these two instru- 
ments are almost identical in size and weight to the cold- 


1 All the type numbers are those used in the UKAEA establishments. 
* Proc. IEE, vol 103, 1956, part B, July. 


THE MOST COMMONLY EMPLOYED TECH- 
NIQUE at present used for finding uraniferous ores is 
by means of gamma- and beta-ray surveys. These are 
commonly done from low-flying aircraft, cars or on foot 
and for preliminary prospecting lightweight portable 
instruments are required. The development of these has 
been aided by the introduction of the cold-cathode valve, 
the halogen-quenched geiger-miiller counter and the 
transistor, and these in miniature form have led to 
several new British types of lightweight survey meter 
weighing only a few pounds. Further progress may be 
expected through the use of sub-miniature components. 
The introduction of scintillation counters with improved 
discrimination between terrestrial gamma rays and 
cosmic radiation has led to improved airborne equip- 
ment and a typical instrument is described. 


LETUDE DES RADIATIONS gamma et beta 
constitue a UVheure actuelle la technique la plus com- 
munément utilisée dans la recherche des minerais 
uraniféres. Cette étude peut se faire soit d'un avion 
volant a@ basse altitude, soit dune voiture, soit a pied, 
et une telle prospection préliminaire nécessite des 
instruments, transportables de faible poids, Les progrés 
accomplis dans le domaine de ces appareils a été 
accéléré par Vintroduction de la lampe cathode non- 
incandescente, du compteur geiger-miiller a refroidisse- 
ment halogéne et du transistor. Ces perfectionnements, 
utilisés en taille miniature, ont conduit a la mise au 
point, en Grande-Bretagne, de plusieurs types d appareils 
de mesure dont le poids n’excéde pas quelques livres. De 
nouveaux progrés seront vraisemblablement accomplis 
grace a@ Vemploi de piéces dune taille encore plus 
réduite. L’utilisation des compteurs a_ scintillation, 
possédant un pouvoir séparateur accru entre les 
rayons gamma d'origine terrestre et les radiations cos- 
miques, a conduit a la mise au point dun équipement 
aéroporté amélioré, et Varticle décrit un appareil type. 


DAS ZUR ZEIT am hédufigsten angewandte Ver- 
fahren fiir Auffinden uranhaltiger Erze ist das mittels 
Gamma- und Betastrahlen. Im allgemeinen erfolgt die 
Beobachtung vom niedrig fliegenden Flugzeug oder vom 
Auto aus, oder auch zu Fusz. Fiir diese vorbereitende 
Lagerstattenforschung benotigt man leichte, tragbare 
Gerdte. Ihre Entwicklung wurde durch Einfiithrung der 
kalten Kathodenrohre, des Geiger-Miller-Zdhlrohrs mit 
Halogenléschung und des Transistors begiinstigt. 
Anwendung dieser Hilfsmittel im Kleinformat fiihrte 
in England zur Entwicklung mehrerer neuer, leichter 
Forschungsgerdte, die nur ein paar Pfund wiegen. 
Durch Verwendung kleinster Bestandteile diirfte ein 
weiterer Fortschritt auf diesem Gebiet zu erwarten sein, 
Die Einfiithrung von Scintillationszdhlern mit besserer 
Trennscharfe zwischen Erdgammastrahlung und kos- 
mischer Hohenstrahlung fiihrte zu verbesserten Gerdten 


fiir Messungen vom Flugzeug aus. Es wird ein typisches 


Gerdt dieser Art beschrieben. 


LA TECNICA QUE MAS COMUNMENTE se 
emplea en la actualidad para encontrar minerales 
uraniferos consiste en estudios a base de los rayos 
gamma y beta. Por lo regular, estos trabajos son 
realizados desde aviones volando a baja altura, o bien 
desde automoviles o a pie, y para la exploracion 
preliminar son necesarios instrumentos portatiles de 
poco peso, Al desarrollo de los mismos ha contribuido la 
aparicion de la valvula de catodo frio, el detector 
Geiger-Miiller con extincién por halégeno y el transistor, 
los cuales, en miniatura, han dado lugar a la creacién 
de varios tipos britanicos de contadores ligeros para 
exploracion, que pesan solamente unos kilogramos. 
Cabe esperar nuevos progresos en este sentido mediante 
el uso de componentes en subminiatura, La introduccién 
de los detectores de destello, con mejor distincién entre 
los rayos gamma terrestres y la radiacién césmica, ha 
conducido al perfeccionamiento de equipo para uso en 
avién, y en este articulo es descrito un instrumento 
tipico. 
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Nuclear Power 


Fig. 3 three British lightweight portable survey meters by 
Panax Ltd, (top) General Radiological Ltd, (centre) 
and Burndept Ltd, (bottom) 


cathode valve instrument, illustrating clearly the limita- 
tions imposed by standard available components such as 
meter, switches, plugs and sockets. In other respects, 
however, these two instruments possess all the essential 
qualities outlined earlier and they form the central units 
around which other geological survey and mining instru- 
ments are being built for car-survey, borehole-logging and 
ore-grade selection to mention a few. 


Further improvements possible 


Recent attempts by partial miniaturisation to decrease 
the bulk of geiger-miiller counter instruments without dis- 
proportionate sacrifice of sensitivity has met with success, 
although a marked improvement should still be possible 
by the development of special sub-miniature components 
of the type already indicated. Three British commercial 
instruments of approximately 3 pounds over-all weight 
are shown in Fig. 3. The smallest one can be carried 
conveniently in a coat pocket and all are priced sufli- 
ciently low as to make them an attractive proposition 
for the week-end amateur prospector. They employ tran- 
sistor circuits, geiger-miiller counter and a single type of 
easily obtainable battery supply and differ only by slight 
variations of facilities. Similar lightweight survey instru- 
ments are available from other countries, but it is thought 
that none possess the qualities of the British equipment. 
in precision of measurement under all conditions and the 
essential battery supply features of longevity (500 hours 
operation), easy replacement at small cost and universal 
availability. 

The technique of aerial search for outcropping ore 
demands special characteristics for the aerial survey equip- 
ment. A low-flying height (below 500 ft) is essential, even 
with a very highly sensitive gamma detector, and it 
logically follows that a short response time is imperative. 
Because of its higher efficiency to terrestrial gamma radia- 
tion than cosmic radiation, the scintillation counter is 
ideal for aerial survey and British effort has been directed 
towards developing an equipment (Type 1444A) of small 
bulk suitable for installation in a light aircraft of the 
Auster type. A 4} in. diameter thallium-activated, sodium 
iodide crystal is combined with a 5 in. diameter photo- 
multiplier to form the scintillation counter and, as in the 
portable instruments, transistor circuits are used through- 
out. A specially designed lightweight single-channel spark 
recorder completes the installation which has an over-all 
weight of 50 pounds. Three-channel recording is available 
for simultaneously graphing height-above-ground varia- 
tions with radiometric response on two ranges. 


Apologies are due for a misprint on p. 57 of NUCLEAR POWER for June. In the sectional 


elevation, the area marked “slightly active zone” should, of course, read “highly active zone”. 
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Plutonium working demands handling techniques 


The production of 


reactor fuel elements — 3 


THE METAL PLUTONIUM has an important role to play 
in the production of atomic power. Because of its forma- 
tion by neutron capture of U** it acts as a stabiliser of 
reactivity when natural or slightly enriched uranium 
metal is irradiated. and fuel elements consisting initially 
of pure uranium metal become progressively alloyed with 
plutonium as irradiation proceeds. Plutonium may be 
separated from irradiated fuel elements by chemical or 
perhaps pyro-metallurgical processing and it may then 
form the initial fuel for further reactors. either in associa- 
tion with natural or depleted uranium, thorium or a suit- 
able non-fissionable metal of low neutron-absorption 
cross-section. The method by which it is used must take 
account of its nuclear. chemical, metallurgical and physio- 
logical properties and elements of pure plutonium metal 
have therefore very limited applications. Plutonium has a 
high cross-section to thermal neutrons: so that in a 100 
per cent plutonium element, unless it were very thin, the 
outer layer would absorb all the neutrons and no use 
would be made of the material inside. Plutonium fuel 
elements of any size must therefore be restricted to fast 
reactors, but here the low melting-point and exceptional 
metallurgical properties would preclude its use for any but 
very low-energy reactors of the ZEPHYR type in which 
negligible heat is developed. 


Table | Transition temperatures of plutonium 
(after Lord) 
heating cooling 
a= 136 85 
poy 295 160 
yoo 320 250 
480 480 


In the short temperature range from room to its melting- 
point at 640°C, plutonium exists in no less than six allo- 
tropic modifications. (See Table I. The sixth phase, 6’, was 
observed later than the others.) These allotropic modifica- 
tions, some of which have very complex structures, vary 
considerably in density from a figure of about 19-1 for 
alpha to 15-5 for delta plutonium. The electrical resistivity 
— approximately 120 microhms per em* — is very high and 
presumably the thermal conductivity will be correspond- 
ingly very low for a metal. The most striking feature of 
plutonium, however, is the variation between the phases 
in the coefficients of linear thermal expansion. Alpha 
plutonium varies from 40 to 65, beta from 32 to 54, gamma 
is approximately 44, epsilon is approximately 20 and delta 
approximately minus 30, in/in/°C (Fig. 1). A nega- 
tive coefficient of expansion of a single phase has not been 
previously observed in a pure metal. 


of a completely new standard 


by L. M. Wyatt 


Head of Metallurgy Section, 
KAEA Industrial Group HQ, Risley 


If the behaviour of uranium is any criterion, attempts 
to irradiate pure plutonium to produce measurable quan- 
tities of heat would result in extraordinary shape and 
volume changes, while the low thermal conductivity 
would probably lead to melting at the centre of the 
specimen. There seems, however, little reason to doubt 
that dilution with uranium, thorium, or metals like alu- 
minium, zirconium, iron or nickel, with which plutonium 
is known to form stable alloys, could be used to produce 
fuel elements which would probably have quite reason- 
able properties under irradiation. Whether pure or alloyed, 
however. handling and fabrication techniques for pluton- 
ium must take account of its very poisonous nature and 
of the criticality hazard. which limits the quantity that 
may be fabricated at one time. 

Plutonium is alpha-active with a half-life of 2-4 « 10* 
years; should it enter the blood stream it rapidly becomes 
absorbed on the inner and outer surfaces of the bone, where 
it remains, irradiating both body tissue and bone marrow 
and interfering with the production of white corpuscles. 
Ingested plutonium is not so dangerous because most of 
it is rapidly excreted, but it is readily taken into the body 
through the lungs or through abrasions of the skin. 

The International Commission on Radiological Protec- 
tion has fixed maximum permissible levels of plutonium 
exposure; they are: 2 x 10°" microcuries per millilitre in 
air for continuous exposure; 6 « 10 1 ye/ml in air for 
exposure limited to 40 hours per week: 3 10 ® micro- 
curies per millilitre in water, 0-04 microcuries retained in 
the body. These tolerances would be stringent enough 
under any circumstances, but the extraordinary mobility 
of plutonium. due possibly to the formation of very fine 
oxide particles which are self-propelled by their alpha- 
activity, requires great care to be taken in the construction 
and operation of plutonium handling equipment. All 
laboratories and workshops require special attention to 
ventilation of the whole building, specially finished walls 
free from sharp corners and special drainage systems for 
radioactive waste. Wet-process laboratories need fume 
cupboards with much greater air flow than is usual in 
chemical laboratories, and operations inside the fume 
cupboards must always be carried out with tongs —no 
unprotected skin should ever be exposed to plutonium- 
containing materials. For work on any scale using an 
appreciable quantity of plutonium, particularly when 
dry. glove-box techniques are essential. These are hermeti- 
cally sealed boxes, constructed largely of perspex to pro- 
mote visibility and illumination, containing apparatus 
which is operated by rubber gloves or servo mechanisms. 
Glove boxes may vary in size and complexity from a 
wooden box a foot or two long by six or more inches in 
diameter, up to complex steel and perspex installations 


of up to 10 ft long by 10 ft high by about 3 ft across. For 
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PLUTONIUM METAL has very complex physical 
properties and exists in six allotropic phases. It is 
extremely poisonous and its handling requires stringent 
precautions. The critical mass means that only small 
quantities can be dealt with at a time. The second part 
of the article deals, in some detail, with the development 
of the British BEPO-type can and discusses other rod 
type elements such as the Brookhaven, the Canadian 
NRX and other American types. Plate-type elements of 
British and American design are also mentioned and 
differences between the two described. 


LE METAL PLUTONIUM posséde des propriétés 
physiques trés compliquées et il existe en six formes 
allotropiques. Il est extrémement toxique, et de grandes 
précautions doivent étre prises lors de sa manipulation 
Sa masse critique veut dire qu'on ne peut travailler 
qu'avec de petites quantités a la fois. La deuxiéme 
partie de cet article traite, avec quelques détails, du 
développement de la gaine type BEPO (Grande-Bre- 
tagne) et discute d'autres éléments en barres, tels que 
les éléments de Brookhaven, les NRX du Canada et 
dautres types américains. On mentionne aussi les 
éléments-plaques de construction anglaise et américaine 
et l'on en décrit les différences. 


DAS PLUTONIUMMETALL ist durch sehr kom- 
plizierte physikalische Eigenschaften gekennzeichnet 
und existiert in sechs allotropischen Formen. Es ist 
dusserst giftig, und héchste Vorsicht ist unentbehrlich 
wihrend seiner Handhabung. Seine kritische Masse 
bedeutet, dass nur kleine einmalige Mengen behandelt 
werden kénnen. Im zweiten Teil dieses Aufsatzes wird 
die Ausarbeitung der britischen Hille des BEPO- 
Typs ziemlich umstandlich beschrieben, und es werden 
andere stangenformigen Elemente, wie die des Brook- 
havener, Kanada-NRX und anderer amerikanischen 
Typen erértert. Die plattenformigen Elemente britischer 
und amerikanischer Bauart werden gleichfalls erwahnt 
und vergleichen. 


EL METAL DE PLUTONIO tiene propiedades fisicas 
muy complejas y existe en seis fases alotrépicas. Es 
sumamente téxico y su manejo requiere precauciones 
muy extrictas. Su masa critica significa que solo se 
puede manejar en pequefas cantidades. La segunda 
parte del articulo trata en detalle el desarrollo del envase 
britanico del tipo BEPO, y considera otros elementos en 
forma de barra, como ser el Brookhaven, el NRX 
canadiense y otros tipos norteamericanos. Elementos 
en forma de chapas de diseho britanico o norteamericano 
son también mencionados y se describen las diferencias 
entre los dos. 
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more complex operations still, or when a large number of 
components or manipulations are contemplated, even 
more complex equipment may be used which may employ 
electronic and servo methods of manipulation. Fig. 2 
shows a typical glove box. Where it is not convenient to 
carry out operations entirely through the gloves, glove 
boxes may be permanently or temporarily fixed to bulk- 
heads giving access to contaminated areas which are 
operated by frogmen— personnel dressed in the equivalent 
of shallow-diving suits, with air pipes and communication 
equipment leading to uncontaminated areas. Stringent 
precautions are necessary in monitoring both laboratories 
and personnel and in cleaning contaminated equipment 
and also in plutonium accounting and process planning 
to prevent the accidental assembly of a supercritical mass. 
The properties and methods of handling plutonium will 
be described in detail by Dr M. B. Waldron in a subsequent 
issue of NUCLEAR POWER. 


Nuclear Powe; 


Development of the BEPO can 

The fuel-element type which is both simplest in concep- 
tion and most widespread in application consists of a uran- 
ium metal rod in a vacuum-tight can, generally of alumi 
nium. The BEPO fuel element is a typical example. an: 
its manufacturing procedures exhibits most of the 
features common to this type. The uranium bar is | ft 
long and 0-9 in. diameter. The can, which has short spira! 
fins, is believed to be more complex in shape, thinner ani 
made to closer dimensional tolerances than any previ- 
ously made aluminium component. It must, in addition 
be completely vacuum-tight to prevent escape of fission 
products or ingress of air. 

The can is made from a short section cut from hot man- 
drel-extruded tube by impact extrusion. This proces. 
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Fig. | 
(after Smith) shows remarkable temperature 
characteristics in the delta phase 


dilatometric measurement of plutonium 


entails forcing the aluminium through the gap (Fig. 3) 
between a punch and die by means of a crank press of 
about 200 tons capacity. The tube formed by this process 
is about 2 ft long, with straight longitudinal fins. It is 
possible to make spirally finned tube by setting the die 
segments at an angle, but where uniform helix angles are 
required the fins are twisted in a lathe after annealing, 
and the cans cut into lengths. The can is then set up in a 
lathe, the fins parted off for a short distance from the end. 
a cap inserted, and the ends of can and cap parted off to 
length. The end is then argon-are welded, turned over and 
coined as shown in Fig. 4, and the weld produced by this 
operation filled with aluminium-silicon alloy brazing 
metal. 

Before the uranium bar can be inserted into the can. 
precautions must be taken to overcome the phenomenon 
of alloying. The influence of this on can failure was prob- 
ably the first major discovery made by the fuel-element 
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metallurgists in Great Britain. During the early prepara- 
tion of the charge, cleaned machined uranium bars were 
canned in plain aluminium cans. Because there was no 
previous experience with this type of component, great 
care was taken to reproduce as far as possible the condi- 
tions of service which would occur in the reactor and, to 
this end, completed elements were heated for long periods 
at temperatures within and above the operating tempera- 
ture range, both at constant and at cyclically varying 
temperatures. The long-term heating experiments led to 
the discovery of the phenomena of alloying. then called 


Fig. 2 all processes involving dry plutonium must 
be carried out inside glove boxes. Polythene bags 
seal the glove apertures which are not in use 


“pimpling”, which was first manifested as small raised 
areas on the aluminium surface. On stripping the can it 
was found that the projections on the outside correspon- 
ded with small projections or pimples of a bronze colour 
on the uranium which fitted into pits in the aluminium. 
Examination of these pimples showed that they consisted 
of uranium-aluminium compound (UAI,), which is formed 
when uranium and aluminium are heated in contact in 
the absence of air, and that if allowed to grow the pimples 
would eventually penetrate the can and allow the ingress 
of air. (Fig. 5 shows radiographs of typical pimples.) The 
resultant oxidation of the uranium would eventually 
burst the can (Fig. 6). In some cases the uranium was 
completely oxidised to UO, which remained together 
with a very mangled can and the original pimple which 
caused the hole (UAI, is very resistant to oxidation). The 
process developed consisted in the separation of the 
uranium and aluminium by oxide and other inert layers. 


After application of these, the bar is inserted into the can 
and the second end sealed in a similar manner to the first. 
A good fit between can and bar was produced by “pressur- 
ising” (immersion of the sealed can into a fluid to which 
pressure is applied in a thick-walled steel container). 

In order both to eliminate hot spots due to poor bar/can 
heat transfer, and to render possible leak testing by mass 
spectrograph, a quantity of helium is introduced during 
filling into a small reservoir cut in one end of the bar. 
Stringent tests were applied to the fuel elements both ex- 
perimentally and in production, Because of the care taken 
in manufacturing and testing, no fuel element has failed 
in service either as a result of faulty end sealing or, in 
the absence of exceptional circumstances, by alloying. The 
only source of trouble experienced with BEPO fuel ele- 
ments arose from the difference in coefficient of expansion 
between the uranium and the can. When an aluminium- 
canned uranium bar is heated the aluminium expands both 
longitudinally and diametrally and leaves a gap round the 
circumference of the bar and at the ends. On contraction 
the aluminium tends to be held diametrally by the uran- 
ium, so that when it attempts to contract it cannot do so 
and is stretched. The process is repeated at every cycle 
and the can may elongate to an extent which causes 
failure of a type shown in Fig. 7. This phenomenon, which 
is termed thermal ratcheting, is aggravated by the rough- 
ening under irradiation of coarse-grained uranium and 
may be eliminated by dividing the uranium bar into short 
lengths so that the frictional forces cannot reach the yield 
strength of the aluminium can. 

Other types of aluminium-canned fuel elements differ 
only from the BEPO type in details of design or manu- 
facture. Elements for the Brookhaven type of reactor, 
for example, have been described in detail by Fox et al. 
(Geneva paper P/860). These differ from the BEPO type 
mainly in their length, which extends half-way through 
the pile. The cans are made by the process of port-hole 
extrusion in which the plug in the centre of the die is held 
by a spider round which the aluminium flows in three 
streams and later unites in an annular channel of restricted 
cross-section. Unlike the BEPO fuel element, which is 
welded and brazed at both ends, the Brookhaven element 
is welded at one end and brazed at the other. Alloying is 
prevented by anodising the aluminium. Uranium is pro- 
duced by extrusion in long lengths and then cut into lengths 
of about 4 in. in order to prevent warping under irradiation 
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can material 


Fig. 3 BEPO-type finned cans are made 
by impact extrusion. The helical twist 
in the fins is usually done later in a lathe 
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or thermal cycling and ratcheting of the can. A novel and 
unusual feature of the Brookhaven fuel element is the 
method of burst-slug detection which uses a gauge con- 
nected to each element by a small-diameter tube. If a 
leak develops, a loss of helium is shown by a reduction in 
pressure at the gauge. In spite of the many differences 
between Brookhaven and BEPO fuel elements, both have 
been successful. 

The fuel elements used in the NRX pile at Chalk River 
are much simpler in design than either of these. They 
consist basically of 10-foot uranium rods fabricated by 
hot rolling, then machined and ground, and hung verti- 
cally by means of steel bolts which join the uranium to an 


helium reservoir 
in end of rod 


CAN END CAP INSERTED PARTED AND WELDED 
Fig. 4 


aluminium end-piece at top and bottom. The sheath. 
which has three very short fins, is drawn on to the uranium 
and argon-are welded to both the top and bottom end- 
pieces. Some American reactors use bonded cans because 
these effectively prevent ratcheting and it is believed that 
in the event of fuel-element failure attack of the uranium 
is restricted to the vicinity of the failure. Bonding is 
carried out by dipping the uranium in a flux and then in 
aluminium-silicon alloy, followed by immediate insertion 
into the hot can. The cap is then inserted immediately so 
that the aluminium-silicon alloy bond covers the whole 
surface of the uranium. The cap is finally sealed by argon- 
are welding. Aluminium-silicon alloy resists diffusion of 
UAL, and permits operation at high temperatures. The 
only reasonably cheap alternative to aluminium for gas- 
cooled piles is magnesium which is more readily oxidised 
and more brittle at low temperature and whose high reac- 
tivity in the molten state makes it more difficult to obtain 
free from inclusions. It has, however. the great advantage 
that it does not alloy with uranium, and its low neutron- 
capture cross-section allows the use of thicker sections 
than those of aluminium cans. The thicker sections permit 
the manufacture of longitudinally finned cans which can 
readily be extruded either by conventional hot extrusion 
methods or by an impact extrusion process similar to that 
described for aluminium but carried out at higher tem- 
peratures. More complicated shapes may be produced by 
machining and good fits on to the uranium bar may, as 
in the case of aluminium, be produced by pressurising. 
Magnesium brazing alloys have low resistance to oxidation 
and therefore magnesium alloy fuel elements must be 
argon-are welded. 

For the much more highly rated fuel elements used in 
liquid-metal-cooled reactors, the canning material must 
be either steel or one of the refractory metals of group 3 
or 4a. Fuel elements of this type in the form of round rods 
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or tubes are proposed for the sodium graphite or fast 
reactors. The main problem is that of containing the uran- 
ium and obtaining sufficient heat transfer to the can. The 
fuel element is usually a rod of uranium or thorium loosely 
canned in a metal sheath with argon-arc welded end caps. 
Heat transfer between bar and sheath is provided by means 
of a film of sodium or sodium-potassium alloy. In the 
sodium-graphite reactors and also in the EBR 1 and 2 
(Experimental Breeder Reactors). nests of comparatively 
small-diameter cylindrical rods are used. In both these 
cases, spacing of the rods is achieved by means of a metal 
wire round each element in a helix. In every case the fuel 
elements are held together at the ends by means of metal 
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TURNED OVER 
the process of canning is carried out in five simple operations 


COINED 


BRAZED 


components which by careful design. avoid turbulance 
and erosion by sodium. The sodium-graphite fuel elements 
take the form of a cluster which is removed from the cool- 
ant tube. The EBR2 elements are surrounded by a large 
hexagonal steel sheath removed with the fuel elements. 
The use of steel sets a serious limit to the operating 
temperature of the fuel element because of the eutectic 
melting-point of 735°C and interdiffusion of steel and 
uranium which occurs at temperatures of 150° below this. 
These difficulties can be overcome by the use of the refrac- 
tory metals, tantalum, niobium or zirconium. Of these. 
zirconium has the lowest neutron-capture cross-section 
and is advantageous for thermal reactors. It has, how- 
ever. a low creep strength at the favourable operating 
temperatures and it readily absorbs oxygen from sodium 


CAN WALL 


Fig.5 ina radiograph magnified four times, 
pimples on an irradiated element indent the can wall 


unless the oxygen content is less than two parts per million. 
Niobium and tantalum are better than zirconium in every 
respect but thermal neutron-capture cross-section. They 
have much higher creep strengths and thermal conductivi- 
ties and they are more resistant to the attack of sodium 
oxide. 
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The Detroit Edison fast reactor differs from these other 
liquid-metal-cooled reactors in that its fuel elements take 
the form of uranium-alloy plates. How these plates are 
prey ented from swelling and blocking the coolant passages 
is not known, nor is the proposed canning material. If this 
is steel it may account for the comparatively low outlet 
temperature of the sodium (425°C). 

The pressurised-water reactor to be built by Westing- 
house offers a typical example of the use of uranium 


oxide fuel. This material combined irradiation resistance 
with resistance to attack by high-pressure water, and is 
also a very cheap material to fabricate. The fuel element 
consists of rods restricted to 0-35 in. diameter, because of 
the poor conductivity of the oxide, and to 10 in. in length, 
because of its lack of mechanical strength. It is canned in 
zirconium in which the nitrogen content must be kept 


below 50 ppm and welded with great care to avoid nitride 
formation which promotes corrosion. Because of the rather 
primitive techniques of handling zirconium the fuel 
elements are built up into square assemblies with very 
complicated end pieces, using large quantities of costly 
zirconium. Oxide fuel elements, however, comprise only 
part of the core of the PWR. the remainder consisting of 
enriched fissionable material diluted with a high proportion 
of zirconium. These “diluted fuel elements” achieve a high 
burn-up of fissionable material by its dispersion in large 
volumes of isotropic irradiation resistant materials. 
Typical of this type of fuel element are those developed 
for DIDO and PLUTO in England and for MTR and CP5 
in the USA. These consist of boxes built up from curved 
plates of uranium aluminium alloy, sheathed with alumi- 


aluminium-ciad U/Ai alloy plates 


aluminium coated 
with Al/Si alloy 


Fig.8 British DIDO-type fuel elements 
consist of eleven curved aluminium-clad 
aluminium /uranium alloy plates joined at 
the sides by aluminium channel sections. A 
photograph of these appears on page 120 


nium and welded or brazed together. The properties and 
method of manufacture of these have been described by 
Boyle and Cunningham (Geneva paper P/935) but the 
methods used in England and developed by Lloyd and 
Noakes at Harwell differ from the American system in 
certajn details. In England, the uranium and aluminium 
are alloyed and cast in a vacuum furnace of the type 
described earlier in this series. This has the advantage 
that no gaseous inclusions are left in the alloy which 
therefore has no tendency to blister on heating after 
rolling. After casting, the uranium billets are rolled to 
strip and then accurately punched into plates of the 
required dimensions and weight. They are then enclosed 
in an aluminium plate sandwich, welded round three 
sides but not at the back to permit the expulsion of air 
during rolling, and rolled down to the finished thickness 


Fig. 6 (right) oxidation 
of uranium through a 
punctured can leads to 
bursting Fig. 7 (left) 
can failure, known as 
thermal ratcheting, is 
cause hy repeated 
differential expansion 
of the can and bar 


at 600 C. After rolling they are x-rayed to determine the 
position of the core and the sheath is cut to the correct size 
and pressed to produce the curved shape. Following this 
they are assembled in a jig with channel sections of alumi- 
nium coated with aluminium-silicon alloy to the form 
shown in Fig. 8. The jig assembly is then dipped into a 
flux bath at 600°C, the aluminium-silicon alloy melts and 
a strong rigid assembly is produced with the minimum 
amount of parasitic aluminium. Where higher tempera- 
tures are required, as in the spiked elements of the pres- 
surised-water reactor, zirconium must be substituted for 
aluminium. This material is more expensive to produce 
and is not readily brazed. A considerable amount of re- 
search is proceeding on both sides of the Atlantic to find 
a way of substituting aluminium for zirconium at high 
temperatures as well as low, and considerable success is 
being achieved in the development of alloys which will, it 
is hoped, withstand high-pressure water for considerable 
periods. 

For low-temperature fuel elements where higher con- 
centrations of uranium in aluminium are required than the 
properties of the uranium-aluminium alloy will permit, 
the use of a cermet of UO, in aluminium has been success- 
ful. The dispersion is made by means of a powder metal- 
lurgy process, after which it is rolled out, sheathed and 
built up into an element in the same way as described for 
the alloy. 


The Author's thanks are due to Sir Christopher Hinton, FRS, 
Managing Director, Industrial Group, UKAEA, for permission to 
publish this paper. The photograph of the plutonium dry box was 
taken by Mr McDonald and is reproduced by courtesy of Dr M. B. 
Waldron, both of AERE. 
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Television periscope aids boiler operators —could find other uses 


A new type of remote viewing television 
equipment was demonstrated recently 
in a boiler at Barking C power station 
and the system might well have applica- 
tions in nuclear energy plant. Developed 
by Babcock and Wilcox Ltd, in association 
with the Iron and Steel Research Associa- 
tion, Marconi’s Wireless & Telegraph Co 
Ltd, and the Foster Instrument Co Ltd 
of Letchworth, the equipment comprises 
two main assemblies — a panoramic peri- 
scope and an industrial TV camera. 

The periscope is completely water- 
cooled, with an incorporated airblast to 
keep fly ash from settling on the lens 
windows. Twin-entrance apertures are 
used, with lenses and prisms so arranged 
that the two fields of view are combined 
in panoramic form, with a dividing line at 
the centre of the picture. A field of 90° in 
one plane and 45° in the other can easily 
be resolved. 

The camera, which forms part of the 
standard Marconi industrial equipment, 
measures only 5} in. by 4 in. by 8} in. 
and weighs only 4} lb. The output from it 
is fed to a control unit and thence to the 
monitor screens, which may be up to 
2000 ft away from the camera itself. 

The complete unit is mounted on a 
carriage which is designed to project the 
nose of the periscope through a 4-in. 
diameter aperture in the furnace wall, or 
to retract the unit from the furnace when 
it is not required to view the interior. The 
carriage is power-operated by a Martonair 
compressed air actuator, and is remotely 
controlled. Specially designed entrance 
mechanisms ensure that “blow-back” from 
the furnace cannot occur during the 
operation, while a full complement of 
safety interlocks guard against failure of 
the cooling water or blast air supplies. 

This type of periscope may also be 
used for direct viewing and a portable 
unit is now being marketed by the Foster 
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Dwarfed by the periscope and its retracting gear 
(above) the Marconi TV camera weighs only 4} lb. 


Instrument Co Ltd, under the trade name 
“Babcock-Foster Furnace Periscope”. 
This consists of the periscope unit, without 
a television system, and is suitable for 
either straight-line or right-angle viewing. 
The cooling unit consists of a water tank 
(a 5-gallon oil drum is very convenient) 
together with a small electrically operated 


Italian President inaugurates British “brain” 


The growing significance of electronic 
computers was shown recently when the 
inauguration ceremony of a new British 
computer in Rome was considered of 
sufficient importance to be attended by 
the Italian President Sgr Gronchi. Manu- 
factured by Ferranti Ltd, the computer 
is of the same type as those installed at 
the Royal Dutch/Shell Laboratories in 
Amsterdam, at Toronto and at a number 
of establishments in this country. It has 
been christened FINAC (F for Ferranti, 
I.N.A.C. for Instituto Nazionale per le 


Applicazione del Calcolo, where the 


computer is located) and is the first 
electronic computer to be installed in 
Italy. 

The computer itself is a large machine, 
involving 4000 valves, 15,000 resistors 
and about six miles of wire. Its internal 
store holds more than 16,000 “‘words” of 
the equivalent of twelve decimal digits, 
32,000 “half-words”’. 
This large capacity is a great advantage 
in many types of calculation, for it means 
that problems of large dimensions can 
be handled without the need for sub- 
division. 


or alternatively 


The optical system (below) provides two 
separate fields combined in a panorama 


circulating pump and an electric blower 
mounted as a unit with skids and carrying 
handles. The amount of water carried by 
this means will, it is stated, allow up to 
20 minutes’ observation and it is only 
necessary to allow the water to cool (or to 
change the water when convenient) to 
obtain another period of observation. 


Two different types of store are used, 
on two different “levels” of accessibility 
as is usual with large computers. The 
main store is a revolving magnetic drum 
and numbers are stored in “‘binary” form. 
On the surface of the drum, a nought is 
represented by one pattern of mag- 
netisation, a one by another. The “‘fast 
store” consists of twelve cathode-ray 
tubes. The noughts and ones are in this 
case represented by large or small spots 
on the screen. 

Of these two methods of storage, the 
magnetic drum is much more economical 
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in space and cost. It actually occupies less 
space than the cathode-ray tubes, yet it 
alone stores over 16,000 words while the 
cathode-ray tubes hold only 384. The 
latter, however, can be referred to much 
more quickly by the machine during the 
course of a calculation. A “word” stored 
on the drum can be “read” by the machine 
only when the particular spot on the 
surface on which it is stored is under- 
neath the “reading head”. The average 
access-time of a piece of information 
chosen at random is therefore half a 
revolution-time. Although the drum re- 
volves quite fast by mechanical standards 
(2000 rev/min), this time is nevertheless 
very long compared with the electronic 
speeds at which the rest of the machine 
operates, and the carrying out of a cal- 
culation would be seriously impeded if 
there were no other storage medium. The 
cathode-ray tubes, however, though their 
capacity is smaller, are scanned elec- 
tronically and have a much shorter access- 


New Mullard diode with low hole storage specification 


The introduction by Mullard Ltd of a 
germanium junction diode, Type OA10, 
will be of considerable interest to designers 
of junction transistor computers, carrier 
telephony modulators, and square loop, 
ferrite memory systems. The OA10 com- 
bines the low forward impedance of a 
junction rectifier with the high reverse 
impedance, low capacitance and low hole 
storage of a good point-contact diode. It 


This is the actual size of the Mullard 


Type OA10 germanium junction diode 


Porous stainless steel filters remove solids down to I-2 microns 


Liquid sodium and sodium-potassium 
alloys are used as the heat-exchange fluid 
in some important types of atomic power 
plant. The fluid is circulated by electro- 
magnetic pumping, through a totally- 
enclosed system. However, liquid alkali 
metals are so extremely reactive that 
impurities accumulate gradually during 
service; moreover, it is difficult to intro- 
duce the metal into the system without 
some impurities being absorbed. These 
impurities, of which oxides are the most 
important, are solid and form fine particles 
dispersed in the fluid. 


INAC Director, Prof. Picone, at the desk of the Ferranti computer 


time. They act as an intermediary between 
the arithmetic part of the machine and 
the “main store”, and the combination 
of the two types of store provides the most 
efficient method of working for a com- 
puter. 

The INAC are to use their computer for 
operating a computing service for Italian 


will pass 50 milliamps with a forward 
voltage of 0-7 V, but less than 10 micro- 
amps with a reverse voltage of 20 V. The 
capacitance is 10 pF at a reverse voltage 
of 3V. The diode has a rigorous hole 
storage specification (time taken for 
forward current of 10 mA to decay to 
0-5 mA with an inverse voltage of 7 V 
through 300 ohms is 0-5 microsec). 

The availability of a diode with a much 
lower forward impedance than a point- 
contact diode will enable junction tran- 
sistor computing circuits to operate from 
very low voltages (e.g. 6 V), since the 
OA10 can couple stages with a very small 
voltage drop. The OA10, being a ger- 
manium junction diode, also has the 
sharpest discontinuity of forward to 
reverse current of any comparable com- 
mercial diode, whether thermionic or 
semi-conductor. 

Junction diodes in’ general have 


The simplest and most efficient method 
of removing these solids is by filtration, 
and porous stainless steel filters, developed 
by the B.S.A. Group Research Centre in 
association with Metal and _ Plastic 
Compacts Ltd, Montgomery St, Bir- 
mingham 1, have been used as standard 
equipment over a number of years in the 
various establishments of the United 
Kingdom Atomic Energy Authority. 

Porous stainless steel, which is manu- 
factured by a special modification of 
powder metallurgy techniques from pre- 
alloyed stainless steel powder of high 


industry. Organisations will bring their 
particular problems to the Institute, and 
provided they are of a suitable kind the 
Institute will arrange for them to be 
“programmed” for the computer. Or in 
some cases, such as a_ straightforward 
solution of simultaneous equations, a pro- 
gramme may exist already. 


hitherto been difficult to use in many cir- 
cuits because of their bad hole storage 
characteristics and large shunt capa- 
citance. In the later respect the new 
Mullard junction diode is fifty times 
better than types previously used for 
computer applications. 


Low forward, high reverse, impedance 
is a valuable characteristic 


(mA) , 
60°C | 
re 4 | +30) 


inverse 
current 
(wa) 


purity, combines the high strength, 
durability and corrosion resistance of 
austenitic chromium-nickel stainless steel 
with a high permeability to fluids and a 
low limit of filtration of solid particles. 
By its use, the solids content of liquid 
metal is kept down to a few parts per 
million; all solid particles greater than 
1 2 microns are removed continuously 
by the filter. The chemical composition 
of M.P.C. porous stainless steel corre- 
sponds to the specification B.S. En58A, 
except that the maximum carbon content 
is 0-19 per cent. 
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A battery of Cape filters 


two units —a dekatron counter with power 


and control circuits and a print-out and sequence 


unit. 


ratemeter, Type D4124, which integrates up 


The increasing use of radioactive 
methods of control and measurement have 
shown that one of the most important 
needs in continuous counting or rate 
monitoring is the provision of devices that 
will automatically print numbers and 
trace graphical records of 
variations. 

Where in the past a _ white-coated 
laboratory assistant stood, stopwatch in 
hand, with pencil and paper ready to 
write down the results of a routine assay 

it is now possible (with the advent of 


printing counters and ratemeters allied 


count-rate 


Just out, Labgear equipment 


counts, records, prints 


Printing counter Type D4123 (right) comprises 


Also from Labgear is a recording 


to 600,000 counts a minute 


High-efficiency air filtration to prevent 
the discharge of radioactive particles into 
the outside air from the Atomic Energy 
Research Establishment at Harwell is 
carried out by large canisters filled with 
Cape Blue asbestos-cotton material, made 
up at the factory of The Cape Asbestos 
Company at Barking. It is understood 
that these are proving very satisfactory 
in service and have been tound to be the 
most economical form of high-efficiency 
air-filtration equipment for certain appli- 
cations. 

Wherever it is thought that there 
might be a danger of radioactive particles 
escaping — from fume cupboard and active 
cells, for instance — the air is extracted by 
fans and passed through a bank of these 
asbestos-cotton filled canisters. 

The canister has not been designed to 
be rechargeable, due to the risk of 
spreading radioactive contamination 
which would be attendant on such an 
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operation. When the pressure drop across 
a canister due to the dust loading rises to 
a predetermined figure the canister is 
disposed of and a new one substituted. 

The method of loading the cotton- 
asbestos into the specially designed rect- 
angular canister was developed by Cape 
in cooperation with the AERE, and the 
first batch of canisters was made in the 
metal shop at their Barking factory. 

The “Filtration Media” side of Cape 
Asbestos’s undertakings has developed 
from the days before the Munich Crisis, 
when they were asked by the Home Office 
to make filter pads for respirators — a 
process which was undertaken at Barking. 
Later they were asked to increase produc- 
tion at a second factory, and Acre Mill in 
Yorkshire was acquired for this purpose. 
Altogether Barking and Acre Mill turned 
out several million filter pads between 
them from that time until the end of the 
war. 


to timing sample-changing devices) for 
example, in a hospital, to accomplish 
such tasks as urine counting, iodine- 
uptake measurements in the determina- 
tion of thyroid function, blood volume 
tests, etc., by automatic means. 

Labgear of Cambridge exhibited at the 
Physical Society Exhibition last May, 
a typical arrangement of such equipment 
embodying the prototype of a new printing 
counter (Type D4123) operating directly 
from a dekatron presentation. 

The complementary instrument to the 


printing counter—the Type D4124 


recording ratemeter — whose application 
extends from the laboratory right through 
process control and monitoring, was also 
shown in an entirely new form by the 
same firm. Its outstanding features are: 
automatic compensation of counts lost in 
a random distribution of count, an 
accuracy of better than 1 per cent, and 
the provision of electronic count-rate 
variation limit-triggers to signal deviation 
from any selected mean value, for the 
purpose of process control or warning. 

The instrument is correctly dimen- 
sioned for GPO rack mounting. 


— 
-, ae Disposable air filters fill need at Harwell 
4 
| 
afj 
L 
= 
| 
a 
A, 
4 
L 
132 


Maxwellian Distribution 
dn 4 v 
a/T 

dn = number of neutrons per unit volume with veloci- 
ties in the range v, v + dv 


dv (2.1) 


n =: total number of neutrons per unit volume 

vg = 12840 10'\/T em/s (2.3) 

vy is the most probable velocity, T the absolute 
temperature in °C, 


E = 8-630 10 eV (2.4) 
E is the neutron energy 
Quy = 1-128, (2.5) 


vis the average velocity in a Maxwellian spectrum. 


Neutron Interaction 


& = nv (neutrons per cm? per sec) (2.7) 
dé == neutron flux 

n == number of neutrons per em® 

= No (2.8) 


macroscopic cross-section (em~') 

N = number of nuclei per cm*® 

o cross-section (em?) 

I (2.9) 
I 


= number of neutron interactions per sec in volume V 


Neutron Attenuation 


The number of neutrons per unit volume reaching a 
distance x into a medium of a neutron beam falling on the 
plane face of the medium without making a collision of 
any kind (x) is given in terms of the number of neutrons 
per unit volume in the beam 4(0) by 


(x) = (2.15) 
(2.18) 


A = mean free path (cm) 


(2.19) 


Neutron Flow 

The neutron current J, in a direction z is given by 
1 A, (On 

—3°T_wWa (2.32) 

and is the net number of neutrons crossing unit area 

normal to z per second 


j.= 


u. = mean cosine of the angle of seatter in the laboratory 


system of coordit 


Number of neutr 


For rectangular « 
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For spherical coo 
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tw 


For cylindrical e 
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The Diffusion | 


This is 
Cn 
S = neutron soi 


The source free : 


or 


L = diffusion 


or 


The boundary c 
that the neutro: 
negative and cc 


5 
— 
| 
es 
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n of coordinates (see equation 4.23) 


At = transport mean free path 
o, = (1 — p) 
= transport cross-section 


J, may also be written 
en 
J, = — Dx 
Cz 
D = 3 th 


D = diffusion coefficient (em?/s) 


ber of neutrons escaping from cm* per second i 


— DV?n 

ectangular coordinates 
C2 C2 C2 
Ox? © dy* Oz? 


pherical coordinates 


206 1 9 1 
ort ror rsindcO\ 00) 


or the particular case of spherical symmetry 


ort ror os 
or the particular case of axial symmetry 
ao lod @ 
- 
Or® ror 


Diffusion Equation 


Is 


en 
=S+ DV2n — 2,nv 
ct 


neutron source in neutrons per cm* per sec 
source free steady state diffusion equation is 


— = 0 
n 
Lo 0 
it 
3 
diffusion length (em) (Table 3-1 for values) 
Vin = 0) 
726 — = Of 


(2.33) 


(2.34) 


(2.44) 


(2.46) 


(2.47) 


(2.48) 


(2.49) 


boundary conditions on the diffusion equation are 


the neutron flux (or density) shall be finite 


> nhon- 


itive and continuous across the boundary between 


neutron diffusion formulae 


THE FOLLOWING RESUME of formulae arising 
from neutron diffusion theory are from the 2nd 
and 3rd instalments of James F. Hill's series on 
Basic Reactor Physics. These appeared in Volume |, 
nos 2 and 3, of NUCLEAR POWER (June and July 
1956). The numbers refer to the original articles 


two diffusing media. The neutron current shall also be 
continuous across such a boundary. Also at the interface 
between a medium and free space 


= O-71A, (3.3) 


which may be satisfied approximately by setting 

(x + 0-71/,) = 0 (3.5) 
x being the linear dimension of the medium measured 
from the origin of x 


(3.25) 


tT) = mean neutron lifetime in an infinite system 


Calculation of Diffusion Length 


In general for a mixture of different types of atoms use 
(2.48) with 


= INg, (i) (3.28) 
i 
= &'No, (i) (1 — (3.29) 


where Y represents summation over the different atoms 1 


i 
and N, is the number of atoms per cm* of type i in the 
mixture of atoms. 


G, is the average cross-section and is related to the 
value usually quoted at the most probable velocity co, by 


- Oy 


(3.30) 
The values of 7, are usually quoted as average values. 
_ Ned 
also N= (3.27) 


where for any substance 
No = Avogadro’s Number = 0-6025 x 
d = density (gm/cm*) 
A = atomic weight 
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(2.35) 
pres 
9 
(2.36) 
(2.39) 
a 
(2.40) 
(2.41) 
u 
2 
9 49 
(2.42) 
ij 
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ig 
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NUCLEAR POWER’s basic course continues 
with the solution of the neutron diffusion equation 


Reactor Physics — 3 


1. Boundary conditions 


The diffusion equation (2.49) must satisfy the follow- 
ing boundary conditions : 

(1) The neutron flux (or density) shall be finite and non- 
negative everywhere in the region where the diffusion 
equation holds. 

(2) The neutron flux (or density) shall be continuous 
across the boundary between two diffusing media. . 

(3) At the boundary between two diffusing media the 
neutron current normal to the boundary shall be con- 
tinuous. 

(4) At a plane boundary between a diffusing medium 
and free space, the ratio of neutron flux to neutron current 
is a constant. 

The first of these conditions simply restricts the value 
of the neutron flux (or density) to physically possible 
values by eliminating negative and infinite fluxes (or 
densities). 

The second and third conditions are a consequence of 
the model of neutron diffusion we have assumed in deriv- 
ing the diffusion equation. They will not be justified here. 

The fourth condition is again a consequence of the 
diffusion theory model. For at the boundary of a medium 
and free space (or a vacuum), no neutrons will be returned 
to the medium from the vacuum, so at the boundary J 
will be zero. This means 


0 at the boundary 


Cx 


This is the result using diffusion theory, namely that at 
the boundary of the medium and a vacuum the ratio of 
the flux is twice the current. However, transport theory 
gives a slightly different answer. In the case of a plane 


2-13 (3.2) 


This may be written as 


(3.1) 


boundary 


, 
(3.3) 
Cx 
and interpreted by use of Fig. 3.1. 

In the figure the neutron flux in the medium is shown. 
At the boundary of the medium the tangent to the flux is 
drawn to cut the axis. Then, by virtue of (3.3), the tan- 
gent must cut the axis at a distance of 0-71/, outside the 
boundary. 

The condition (3.3) may be used in a more simple 
approximate form. For we may write approximately 


+ (3.4) 


d) = (x) + d=. 


by James F. Hill Senior Lecturer, Reactor School, Harwel! 


Then, if d(x + d) is supposed zero, the right-hand side 
of (3.4) is equivalent to (3.3) if d is identified with 
0-71/,. This then means that (3.3) can be approximately 
satisfied by putting 

d(x + 0-71/,) = 0 (3.5) 
where x is the linear dimension of the medium measured 
from the origin of coordinates. 

Thus, this condition may be simply applied by making 
the flux zero at a distance 0-71/, outside the medium. But 
it is to be emphasised that this does not mean that the flux 
actually becomes zero at this point. 


neutron 
flux 


boundary 


vocuum 


medium 


Zz tangent to neutron flux ot boundary 


O.7/A, 


Fig. 3.1 


neutron flux at a boundary 


2. Solutions of the diffusion equation 


We shall now consider the solution of the diffusion 
equation for three separate cases and discuss the implica- 
tions of these solutions. 


1. an infinite plane source of neutrons in an infinite medium 

If the origin of coordinates is taken to be in the source 
and the x-direction at right angles to the source then, from 
the symmetry of the problem, the neutron flux will not 
vary in the y- and z-directions. The diffusion equation 
(2.49) then becomes, using (2.40), 


(3.6) 


Application of boundary condition (1) requires C to be 
put equal to zero, otherwise ¢ would be infinite at x = 


Then. j= (3.7) 


Now the flux distribution must be symmetrical about 
x = 0 and so (3.7) is taken to apply to tt. 

A further consequence of this symmetry is that as many 
neutrons will diffuse from right to left as from left to right 
across the source plane. This means then that the current 
on either side of the source must be equal to the number 
of neutrons emitted from the source in either direction. 
So if the source emits 2S neutrons per cm® per sec, S are 
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THE BOUNDARY CONDITIONS solutions 
of the diffusion equation are first discussed. These are 
then applied in turn to the solution of the equation for 
a plane source in an infinite medium, a plane source in 
a finite medium and a point source in an infinite 
medium. The practical implications of these solutions 
are discussed, including the physical interpretation of 
the diffusion length. The calculation of the diffusion 
length in the particular case of beryllium oxide is dis- 
cussed in detail and finally a table of values of diffusion 
lengths and other important diffusion quantities is given. 


ON DISCUTE dabord les conditions a la frontiére 
pour les solutions de Uéquation de diffusion. On 
emploie ensuite ces conditions pour la solution de 
Uéquation pour une source plane dans un milieu infini, 
une source plane dans un milieu fini et une source- 
point dans un milieu infini. On discute la signification 
pratique de ces solutions, y compris Uinterprétation 
physique du parcours de diffusion. On discute en détail 
la calculation du parcours de diffusion pour le cas 
spécial de Voxyde de béryllium; finalement, une table 
donne les valeurs des parcours de diffusion et d autres 
quantités importantes de diffusion. 


ZUERST WERDEN GRENZBEDINGUNGEN 
fur Losungen der Di ffusionsgle ichung erortert. Dann 
werden dieselben zur Lésung der Gleichung fiir eine 
ebene Quelle in einem unendlichen Medium, eine ebene 
Quelle in einem endlichen Medium sowie eine punkt- 
formige Quelle in einem unendlichen Medium 
ange wandt. Die praktische n Folge rungen dieser 
Lésungen, einschliesslich physikalischer Deutung der 
Diffusionsstrecke, werden erértert. Die Ausrechnung der 
Diffusionsstrecke fiir den Berylliumoxyd—Spezialfall 
wird ausfiihrlich erdrtert; schliesslich wird eine 
Tabelle der Diffusionsstrecken und anderer wichtigen 
Diffusionsgrossen angefiihrt. 


LAS CONDICIONES DE LIMITE pasadas en 
soluciones de la ecuacién de difusion son tratadas 
primeramente. Estas son aplicadas en su turno a la 
solucién de la ecuacién para una fuente plana en un 
medio infinito, una fuente plana en un medio finito y 
a una fuente puntual en un medio infinito. Las impli- 
caciones practicas de estas soluciones son discutidas, 
incluyendo las interpretaciones fisicas de la distancia 
difusora. El calculo de la distancia difusora en el caso 
especial del dxido de berilio es tratado en detalle y 
finalmente se da una tabla de valores de distancias 
difusoras y otras importantes cantidades difusoras. 
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emitted in the positive x-direction per em? per sec, and 
this is equal to the current at x = 0, so that 


dn 
S where ¢ = nv (3.8) 
Substituting from (3.7) into (3.8) gives 
De 


and therefore, from (3.7), 
Sv SvL 
De D 

Thus for an infinite plane source of neutrons in an infin- 
ite diffusing medium the neutron flux falls off exponen- 
tially in either direction from the source. Furthermore, it 
is reduced by a factor of e after a distance L. 

Values of L are quoted in Table 3.1 below and it is seen 
then that under the circumstances applying here the 
neutron flux would be reduced by a factor e after 53-5 em 
in graphite, but after only 2-88 cm in water. 


(3.9) 


2. an infinite plane source of neutrons in an infinite slab 

This is a similar problem to the previous one but we 
now suppose the medium extends only to x = — a. 

The general solution is again 


@ = Ae~** + Cex (3.10) 


but it will be more convenient to take the solution in the 
equivalent form 

d& = A sinh «cx + C cosh xx (3.11) 
where. of course, the arbitrary constants in (3.10) and 
(3.11) are not the same. 

As before. we shall concern ourselves only with positive 
values of x. We require to satisfy the boundary condition 
at x= a+ 0-71), = a + d. This will be done by using 
the form (3.5), that is. 


d(a + d)= 0 
or d(a,) = O where a, =a 
This requires, from (3.11), 
= F sinh — x) (3.12) 
where F is another arbitrary constant. 
Again applying the condition (3.8), this time to (3.12), 
results in 
Sv 
d ——— sinh «x(a, — x) 


Dx cosh Ka, 


(3.13) 
This again is a function which has its maximum value 
piane source of 


neutrons emitting 
25 neutrons per cm? per sec 


Fig. 3.2 infinite plane source in an infinite medium 
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Table 3.1 diffusion properties 


materia! H,0 | D,O Be | BeO C | 
density, gm /em* 1-0 1-10 1:85 2-8 1-6 
| 7* 11-2" | 
0-660* 0-46 >< 10 0-010" 0-010" 45 10-3* | 
61-4 12-8 6-48 1065 4-53 | 
Lem... 2-88* | 171* 19-5 28-0 53°5 | 
21 x 104 0-15 37x10 | 67x 103 1:26 x 10-2 | 
0-49 2-37 1-25 141 2-75 | 
ae 51-1 37.100 911 1672 3121 | 


the above table, os for oxygen has been taken as 4-2 barns and oa 


for oxygen as zero. The absorption cross-sections quoted are at 


2200 m per sec. Apart from the densities, the numbers marked with an asterisk are measured quantities and the other numbers are 


derived from them. 


For heavy water (D,O), the values quoted are for the pure substance, but in practice, some ordinary water (H,O) will always be 
present as an impurity, thus altering its diffusion properties. The diffusion length quoted for impure heavy water is about 100 cm. 
the case of graphite, an absorption cross-section of 4-5 millibarns and density of 1-6 gm per cm has been taken by way of illustration. 


at the source and falls away towards the outside of the 
system. It falls away more quickly than in the infinite case, 
the rate depending on the value of a, as. of course, does 
the distance required for the flux to fall by a factor of e. 

It is interesting to find the number of neutrons escaping 
from the slab for each neutron produced. The number 
escaping from the slab per cm® per see is the neutron 
current at the surface. or 


dD or D d(¢/e) 


The number produced per em® per second and travelling 
in the positive x direction is S, so that 


d(d/v) 
(Ci), 


number escaping 


number produced S 
cosh — a) 
cosh Ka, (3.14) 
If we suppose d is small compared to a, then a, is 
approximately equal to a and so (3.14) then becomes 


number escaping 1 
_ 


number produced cosh Ka (3.15) 


Thus (3.15) gives the fraction of neutrons escaping. 

The function sech xa is plotted in Fig. 3.4 as a function 
of Ka. 

This figure demonstrates an important property of the 
diffusion length in relation to the fraction of neutrons 
escaping from a medium. For, from the figure, it can be 


plane source of 
neutrons emitting 
25 neutrons 

per cm? per sec 


Fig. 3.3 infinite plane source in an infinite slab 


seen that for ka = 1, that is a medium one diffusion length 
thick measured from the source. about 65 per cent of the 
neutrons will escape from the medium. For a medium two 
diffusion lengths thick, however, the fraction escaping 
has been reduced to 27 per cent and for three diffusion 
lengths to only 10 per cent. 

In other words, a medium three diffusion lengths thick 
will allow only about 10 per cent of the neutrons to escape 
from it. This is to be contrasted with an infinitely thick 
material which, of course. allows none of the neutrons to 
escape. 

This behaviour is further emphasised by considering the 
flux distributions in media of different thickness. These 
are plotted in Fig. 3.5 as a function of «x for ka = 1, 2 
and 3 respectively. 

These curves are found using (3.13), putting a, = a. 
It should be noted that they each have the same slope at 
the origin. This is because the neutron current is propor- 
tional to the slope of the flux curve and at the origin the 
current is constant and equal to S for each case. 

Again the important conclusion to draw from Fig. 3.5 
is that for a medium which is three diffusion lengths thick, 
the flux distribution. except near the boundary of the slab, 
does not vary substantially from the case where the slab 
is infinite in extent. 


3. point source of neutrons in infinite medium 


Suppose now we have a point source emitting S neutrons 
per sec. 

It is convenient to solve this problem in terms of spheri- 
cal coordinates. There will be spherical symmetry and so 
the diffusion equation (2.49) becomes. using (2.41), 


2dd¢d 
dr? rdr 


The solution of this, except at the source is 


— «d= 0 (3.16) 


$=A—+ c— (3.17) 


but, as the system is infinite, C must be zero, from boun- 
dary condition (1) 


(3.18) 
Also, as r — 0, the neutron current must become equal 
to S, 
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Sr 
which gives ind 
Sv e* 
so that inD (3.19) 


2. The physical significance of diffusion length 
In arriving at the form of the diffusion equation, namely 


nm 


— 0. 
the quantity L was defined as 
L? 3 (2.48) 


and L was called the diffusion length. 


We are now in a position to show that L, which was 
introduced quite arbitrarily, has a physical significance 
in relation to the distance travelled by a neutron. 

Consider a point source of neutrons in an infinite 
medium. Then the number of neutrons absorbed in an 
elemental shell, thickness dr. situated at a distance r from 
the source is, using (2.9) 


Aas? dr 


where ¢(r) is the neutron flux at distance r. This quantity 
is then proportional to the chance that a neutron is ab- 
sorbed at distance r from the source. Thus r represents 
the distance a neutron has travelled, measured in a 
straight line, from the source to the point at which it is 
absorbed. Then if F? is the average value of r? defined in 
this way, 

| d(r) dr 

r 


(3.20) 
dr 


However, for a point source in an infinite medium 4(r) 


is given as a function of r by (3.19), and substitution of 


this into (3.20) gives 


7? — (3.21) 


so that the mean square distance that a neutron travels 
from its production to absorption, measured in a straight 
line, is equal to six times the square of the diffusion length. 
By a similar argument the mean distance Tr travelled by 
a neutron can be shown to be, in a spherical system, 
r= 2L (322 
It is of interest to compare these results with the total 
distance measured along the path that a neutron travels. 
This distance is simply /,, and can be found as follows. 
The number of scattering collisions made before final 
absorption is just the ratio of scattering to absorption 
cross-section, that is, o,/0,. After every scattering collision 
the neutron travels a distance /,, so the total distance 
travelled by a neutron before being absorbed is 


(number of thermal collisions) . 7, = —. A, or. 
a 
No, 
No. Ay A, (3.23) 


Using the argument that the number of thermal col- 
lisions is o, a, the expression (2.48) for L? can be written 
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l l A, 
t t 3 i, 
Ath, 
3 Oy 
(number of thermal collisions) (3.24) 


3 


One further quantity which can be derived from (3.23) 
is the value of the mean lifetime of a neutron in an infinite 
system Tt). For, if the total distance travelled is A,, 
by (3.23), and the neutron is travelling with constant 
velocity v, then the time lapse between it being produced 
and absorbed is +) given by 


given 


(3.25) 


3. Calculation of the diffusion length 


The most convenient form from which to calculate the 
diffusion length in a given substance is that of (2.48), 
namely, 


L? 
(2.48) 
For the case of a pure element | 
A, = No,: A No,(1 — (3.26) 


where N is the number of atoms per em®* of the pure 

element and 

Nod 

A (3.27 
No = 09-6025 « 10% is Avogadro’s number, d is the 

density of the element in gm per em* and A is the atomic 

weight. 


Fig 3.4 fraction of neutrons escaping from a slab 
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For a mixture, the definitions of 4, and /, have to be 
modified as follows 


A," = N,o,(i) (1 (3.29) 


where the summations are over each different atom present. 
i representing the different types of atom, N, the number 
of atoms per cm® of atoms of type i in the mixture or 
compound. 

Before using (2.48) to calculate a diffusion length, some 
discussion is needed. In the thermal neutron region we 
assume that the neutron spectrum is Maxwellian and so 
the actual value of L required in practice is the average 


value in a Maxwellian spectrum. 
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In general, as was stated in the first article, capture 
cross-sections vary inversely as the velocity in the thermal 
region. Also, it is customary to quote capture and fission 

} cross-sections at the most probable velocity at 20° C 
(that is, at 2200 m per sec) of a Maxwellian spectrum.* 
But it can be shown that for a 1/v absorber in a Maxwellian 
spectrum the average absorption cross-section 6, is related 
to the value at the most probable velocity o, by 


_ (3.30) 
So o, is the value given in the tables and o, is the value 
to be used in the calculation of diffusion length. 
Seattering cross-sections o, are quoted as average 
values in a Maxwellian spectrum, so no difficulty arises 
here. Then the average diffusion length is given by 


L-? = 3(Na,) (No,) (3.31) 
34/2 3 
(No,) (No,) 1/128 (No,) (No,) 


and this is the number of atoms of beryllium or the 
number of atoms of oxygen per cm’. 

Assuming the absorption cross-section of oxygen is 
zero (it is quoted as <0-2 x 10 * barns), then for beryl- 
lium, taking 0-010 barns as the beryllium absorption 
cross-section at 2200 m per sec, 

No, = 0-06745 x 10% x 0-010 10-24/1-128 
= 5-980 x 10° 
= 5-980 x 10-4 em=! 
or 2, = 1672 em = 16-72 m. 


Thus a thermal neutron travels a total distance of 
16-72 m in beryllium oxide before being absorbed. For 
the oxygen, taking a scattering cross-section of 4-2 barns 


2 
Na, (1 — 2) = 0-06745 x 10% x 4-2 x 
= 0-2833 x (1 — 0-0417) = 0-2715 


For the beryllium, taking a scattering cross-section of 
7 barns 


2 

No, (1 — 2) = 0-06745 x 10% x 7 x 10°* {1 ~ 5743) 
= 0-4722 (1 — 0-0740) = 0-4373 

for BeO = 0-2715 + 0-4373 = 0-7088 

A, = 1-411 em. 

Then, for BeO of density 2-8 gm per cm’, using (3-31), 

L? = 3 x 1672 x 1-411 = 786-3 cm? 

or L = 28-0 em 


The mean lifetime of a neutron in an infinite mass of 
beryllium oxide is given from (3-25) by 
An 1672 
«1128 22200 x 1 


6:74 x 10-4 see 


03 


Fig. 3.5 flux distribution 
in a finite slab 
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Kx 
: 0-376 4. Values of diffusion lengths 
in fs (No,) (2 io) (3.32) Values of the diffusion length for some materials are 


Example: The above can be illustrated by calculating 
the diffusion length in beryllium oxide, BeO. 

Take the density to be 2-8 gm per cm*. Then the number 
of molecules of BeO per cm? is 


0-6025 1074 2-8 
= = 006745 x 


N 25-01 


*See, for example, Neutron Cross-Sections, by D. J. Hughes and 


I J. A. Harvey, BNL325. This is the most up-to-date compilation of 
neutron cross-sections and all cross-section values used in these articles 
will be taken from it. 


included in Table 3.1 above. 

The diffusion length is a function of the density of the 
material and the cross-sections involved as is seen from 
the example above. This is important to remember, par- 
ticularly for a manufactured material such as graphite. 
In fact, the cross-section quoted for a particular sample 
of graphite is made up of three parts. These are the cross- 
section of all the graphite atoms present, the cross-section 
of all the atoms present as impurities and the cross-section 
of the air which occupies the pores in the graphite. 


The next article will discuss neutron slowing 
down and the derivation of the Fermi age equation. 
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Progress in Nuclear Energy, Series | — Physics and Mathe- 
matics, Volume | Edited by R. A. Charpie, |. Horowitz, 
D. J. Hughes and D. J. Littler. 6-25 in. by 9-25 in., pp. 398. 
London, 1956: Pergamon Press. Price 84s 

This volume is based on papers presented at the Geneva 
International Conference on the Peaceful Uses of Atomic 
Energy and contains eleven articles on basic physical and 
mathematical studies connected with that subject. The 
first two articles give a very full account of the experi- 
mental work on the nuclear properties of the technically 
important fissionable nuclei U***, and Pu***, followed 
by an equally clear account of their theoretical analysis. 
The fourth article is a valuable review of the techniques 
used in determining elastic and non-elastic cross-sections 
for neutrons, while the whole of the fifth is devoted to the 
important “reactor poison” Xe’. Resonance capture and 
delayed neutrons both have great influence on reactor 
design, and their properties form the subject of the sixth 
and seventh chapters. Chapters 8, 9 and 11 are devoted 
to particular types of reactors, while Chapter 10 describes 
mathematical methods specially adapted to reactors con- 
taining only a small number of fuel elements. 

The book is printed with the technical excellence which 
we have come to expect from the Pergamon Press, and 
the appearance of further volumes in the series will be 
awaited with interest. O. R. Frisch 


Noise A. van der Ziel, pp. 450 + xi and 97 fig. London, 
1955: Chapman and Hall, Ltd. Price 60s 

Today spontaneous fluctuations or noise limit the 
precision of many types of measurement and are therefore 
the practical concern of both experimental physicists 
and electrical engineers. This book is concerned with noise 
in electronic devices and reduces the solution of a large 
variety of noise problems to an analysis of simple net- 
works. The mathematical treatment is good and com- 
prehensive. The problems discussed include; thermal 
noise, applications of Nyquist’s Theorem and Schottky’s 
Theorem, noise measurements, tube noise at low fre- 
quencies, tube noise at high frequencies. low-noise circuits, 
excess noise in semi-conductors and vacuum tubes, noise 
in mixer tubes and circuits, noise in feed-back circuits, 
noise in detector circuits, and there are also separate 
chapters on statistical methods, Fourier analysis of 
fluctuating quantities, the laws of vacuum-tube elec- 
tronics, and space-charge waves in electron beams. 

One of the most interesting chapters to the reader con- 
cerned with nuclear matters is the chapter dealing with 
noise in physical instruments. This discusses some of the 
special problems which arise in the design and use of 
nuclear measuring instruments. There are sections dealing 
with the use of integrating or averaging circuits, counting 
methods, radiation detectors and the measurement of 
small currents, voltages and charges. The latter includes a 
discussion of the A.C. methods of measuring small direct 
voltages and currents — problems which arise in ionisation 
chamber measurements for reactor control. ete. 

The book is suitable for the specialist reader, par- 
ticularly the reader concerned with the design of elec- 
tronic devices involving measurements of the highest 
precision. It is well printed and illustrated and can be 
recommended. Denis Taylor 
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Temperature — Its Measurement and Control in Science 
and Industry, Vol. Il Edited by Hugh C. Wolfe for the 
American Institute of Physics. pp. 467+ x. New York, 
1955: Reinhold Publishing Corp. London, 1955: Chapmar 
and Hall, Ltd. Price 96s 

This book contains the papers delivered at a symposium 
held in the autumn of 1954 and sponsored by the American 
Institute of Physics, the National Bureau of Standards 
and the Office of Ordnance Research of the US Army. It 
is Volume II in a rather unusual sense, for Volume I is 
the similar record of a symposium held 15 years earlier. 

The subject-matter is not the presentation of methods 
for temperature measurement in the works and labora- 
tory, with tips for the practical man, but a thorough- 
going examination of the basis of temperature measure- 
ment, with consideration of some effects which might be 
used in special applications. The editor discusses the 
concept of temperature and Sir Francis Simon discusses 
the meaning of the concept when there are very few 
degrees of freedom in a system. A whole section of 150 
pages considers the basis of the present temperature scale. 
and this is followed by a most fascinating presentation by 
Prigogine of the subject on which he has made himself a 
world authority — thermodynamics of irreversible pro- 
cesses — with which is bound up the question whether 
“temperature” has a meaning in systems undergoing such 
processes. Herzfeld writes on the related subject of 
relaxation in this field. 

The fourth section is a swift survey of some methods 
either novel or suited for unusual circumstances such as. 
for example. in flames and gases. 

The last section has a paper of special interest to readers 
of this Journal, dealing with temperatures, both internal 
and at the surface. of the fireball from an atomic bomb 
explosion, and another on ionisation measurements at 
high temperatures. 

The book is well produced, and well documented, but 
does the preponderance of references to American work. 
in papers by Americans, really represent the proportion 
in which that country has contributed to the research? 


J. H. Awbery 


Industrial Research — 1956-57 Advisory Editor: Percy 
Dunsheath. 6 in. by 8:75 in., pp. 444. London: Todd 
Publishing Group Ltd. Sole British Distributors: George 
G. Harrap & Co Ltd. Price 63s 

Atomic energy appears for the first time in the third 
edition of this extremely useful volume and is given a 
complete section. The organisation of the UKAEA is 
described at some length and senior officials and depart- 
ment heads of the various undertakings named. Some 
information is given on international aspects of the sub- 
ject as are the addresses of atomic energy authorities in 
some 29 countries. This, however, is only a small part of 
the book which can only be described in that well-worn 
phrase “‘a mine of information’. In it are described in 
considerable detail, Government and private research 
organisations, development associations, professional and 
learned institutions, universities and technical colleges 
and it is in fact a complete picture of the organisation for 
carrying out industrial research in this country. It would 
seem to be indispensable in any reference library. 
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Electronic Transformers and Circuits Reuben Lee. pp. 360 
xvi and 263 fig. New York, 2nd Ed. 1955. John Wiley 
and Sons Inc. London: Chapman & Hall, Ltd. Price 60s 
A book by Reuben Lee needs no introduction; the first 
edition of this work has proved a useful source of reference 
for designers and was the first real attempt to treat this 
type of transformer on a practical basis. 

Too little attention has been given in the past to trans- 
formers for use in electronic equipment and present 
practice demands a high-quality component, particularly 
in the nuclear instrumentation field. The book deals 
with transformer theory in rather an elementary manner, 
but in sufficient detail for the purpose. The addition of 
some notes on polarity is a help. 

Several new features appear in this edition, notably a 
list of symbols used in the book. The design charts for 
power transformers are interesting, but of limited use 
with British materials or cores. Rectifier circuits and 
transformers are dealt with in some detail and design 
curves based on those of O. C. Schade are included. The 
chapters dealing with rectifier performance and trans- 
formers, together with those on pulse transformers, are 
perhaps the most useful in the book and could have been 
enlarged at the expense of the chapter on magnetic ampli- 
fiers which hardly gives sufficient cover of the subject for 
practical design purposes. 


The small amount of space given to ferrite cores is | 


disappointing since these are now finding wide application 
particularly in the transistor field. Resin casting tech- 
niques and problems are hardly mentioned. All design 
data is naturally based on American materials but can, 
at least for grain-oriented material, be used for design 
purposes with British-wound cores without serious error. 

To summarise, the book is a useful addition to the 
technical library, but there is little in the new features 


of direct use to designers in this country. T. P. Lynott 
Introduction to Atomic Physics S. Jolansky. 6 in. by 
8°75 in., pp. 435. London, 4th Edn, 1955: Longmans, 


Green & Co Ltd. Price 25s 


A new edition of Professor Tolansky’s well-known text- 
book, which originates from a series of lectures he gave 
for many years to 2nd year Honours Physics students at 
Manchester University, is an event to be welcomed by all 
those who need a broad general picture of modern atomic 
physics but who have not the time, or possibly not the 
ability, to work from source material. Much of the volume 
remains substantially as in earliereditions but a considerable 
amount of new material has been added in the form of 
chapters on: the detection of single particles; mesons: 
particle accelerators; nuclear reactors. The treatment of 
nuclear structure has also been considerably expanded in 
the light of recent discoveries and the author has even been 
able to include a reference to the antiproton. 

Professor Tolansky’s approach is via experimental 
physics, and descriptions of classic discoveries are used to 
introduce themes which are then developed using a 
minimum of mathematics. In this way he succeeds in 
creating a sense of unity and purpose. His treatment of 
difficult concepts in quantum and wave mechanics does 
not set out to be complete or rigorous but he has the 


new books 


* Documents prepared by the 
United States 
Atomic Energy Commission 


460 pages Research Reactors 49s 
804 pages Reactor Handbook—Physics 90s 


1008 pages Reactor Handbook—Engineering 
112s 6d 
614 pages Reactor Handbook—Materials 79s 


316 pages Chemical Processing & Equipment 


46s 
363 pages Neutron Cross Sections 90s 


McGraw-Hill 
Series in Nuclear Engineering 


M. A. Schultz Control of Nuclear Reactors and 
Power Plants 52s 6d 
IN PREPARATION 
C. Bonilla Nuclear Engineering 
H. Etherington Nuclear Engineering Handbook 
D. K. Holmes Reactor Theory 
M. Benedict Nuclear Chemical Engineering 


E. P. Blizard Radiation Shielding 


* Also published recently 


R. D. Evans The Atomic Nucleus 1|09s 
G. P. Harnwell Atomic Physics 60s 

L. |. Schiff Quantum Mechanics 2/e 47s 
G. M. Murphy Production of Heavy Water 39s 6d 
B. Lustman Metallurgy of Zirconium 75s 


R. Stephenson Introduction to Nuclear Engineering 
60s 


Publishing shortly 
T. Rockwell Reactor Shielding Design Manual 45s 


McGraw-Hill Publishing Company Ltd 
McGraw-Hill House London EC4 
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happy knack — so essential in a good teacher — of leaving 
his reader with an appetite for more. Which is just what 
a book entitled “Introduction” should do. W. D. 


Atom Harvest Leonard Bertin. 5°5 in. by 8°75 in., pp. 
253. London, 1955: Secker and Warburg. Price 20s 

The early history of atomic energy is one of rapid 
developments crammed into a very short time under the 
compelling urge of war and at the distance of less than 
20 years much of it is already hazy and blurred. Secrecy 
demanded that as little as possible should be committed 
to paper and so the historian has to rely on unreliable 
memories and perhaps totally wrong impressions. It is, 
however, vitally important for posterity that this should 
be set down before it is too late and if Mr Bertin does not 
quite succeed in painting an over-all picture he certainly 
draws a bold outline. 

“Atom Harvest” seeks to — and largely succeeds in — 
putting the British contribution to atomic energy in its 
proper perspective and its account of how Sir George 
Thomson’s MAUD Committee finally convinced the 
Americans in 194] that an atomic bomb was a feasible 
project is as exciting as any thriller. What, however, 
might have been a real alliance turned out to be only a 
very half-hearted affair. ““There is,” writes Mr Bertin, “a 
popular but mistaken belief that this breakdown in co- 
operation occurred after the war with the passing of the 
McMahon Act in 1946. It would be truer to say that it 
started the day (in 1942) the Americans were persuaded 
that, despite their own misgivings, the production of 
atomic weapons before the end of the war was possible.” 
This book will hardly make friends for Mr Bertin in 
America, but it is a courageous one and one that badly 
wanted writing. Up till now, the atomic energy story 
has been told largely in materialistic terms; Mr Bertin’s 
approach — the right one in a book of this nature — is 
through the men who made it and although written with 
the layman in mind it should also have a strong appeal to 
the scientist. One hopes that the picture will be filled in 
before it is too late by men like Sir George Thomson, Lord 


Cherwell and Lord Waverley. W. D 


Examples in Mechanical Vibrations john Hannah and 
R. C. Stephens. 5:75 in. by 8°75 in., pp. 152. London, 
1956: Edward Arnold. Price |8s 

Vibrations studies are playing an ever-increasing part in 
mechanical engineering syllabuses and are displacing a 
certain amount of now outdated subjects in the theory of 
machines. The present volume should prove a_ useful 
adjunct for the undergraduate engineer, consisting as it 
does of some 230 examples. Most of these are unworked 
with answers, but typical ones are given with complete 
solutions. Each chapter commences with a short resumé 
of the basic theory. A swot book perhaps, but in this 
world of competitive examinations, such things are 
necessary. 


Cost Reduction The Institute of Cost and Works 
Accountants Ltd, 63 Portland Place, London, W1, have 
published a book (price 6s.) designed to provide practical 
measures for reducing costs of industrial production. 


Newalls Heat, Cold and Sound Insulation A catalogue 
from Newalls Insulation Co. Ltd, Washington, Co. 
Durham, lists the firm’s complete range of products and 
includes design data. 
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CHAPMAN & HALL 


% Two New American Books *& 


THERMAL POWER 
FROM 
NUCLEAR REACTORS 


by 
A. S. Thompson & Oliver E. Rodgers 
Size 94” x 6” 242 pages Illustrated 58s. net 
Written from a mechanical engineer’s viewpoint and 
stressing a design approach, the work discusses problems 
of reactor development which confront the engineer in 
atomic power plants. The core of the book is its dis- 
cussion of the three most important factors of nuclear 
power: the generation of heat in reactors; the removal 


of heat from reactors ; and the use of this heat in thermal 
power plants. 


HIGH TEMPERATURE 
TECHNOLOGY 


Materials, Methods & Measurements 
Edited by 
I. E. Campbell 
Size: 9)" x 6” 540 pages Illustrated 120s. net 


This book, sponsored by the Electrochemical Society of 
New York, provides a concise account of recent develop- 
ments in the high temperature field. It contains contri- 
butions from thirty-five research workers. 


37 ESSEX STREET, LONDON, W.C.2 


‘* A vivid account of the British contribution to the 


war-time development of atomic weapons and tells 
the story of Britain’s post-war atomic energy 


projects. The author enjoyed exceptional facilities 


from the Government when collecting material.’’ 


DISCOVERY 


ATOM HARVEST 


LEONARD BERTIN 


The first and only book to bring, in lively prose, 
the history, politics, personalities and peaceful uses 


of atomic energy into proper perspective. 


ILLUSTRATED 20s 


— SECKER AND WARBURG ———— 
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APY hold dividend steady 


Despite a drop in group profits from 
£359,538 to £333,017, the APV Company 
of Crawley proposes to hold the total 
dividend at 10 per cent for 1955 according 
to the report to be presented at its AGM 
on 25th July. APV have played a con- 
siderable part in nuclear energy work and 
are responsible for the aluminium core 
tank of the DIDO heavy-water research 


reactor now nearing completion at Har- 
well. 


Ekco’s good year 

Net profits at £328,733 for the year 
ended 31st March compared with £300,779 
for the previous year, were announced last 
month by Ekco group chairman, E. K. 
Cole. A final dividend of 10 per cent is 
recommended —to make an unchanged 
distribution of 174 per cent less tax for 
the year. 

Ekco equipment has been used in all 
British reactors built so far and the com- 
pany is currently engaged on the design 
and construction of complete instrumen- 
tation schemes for research reactors for 
this country and Australia. 


Civil engineering firms join AEl-JT 

Two well-known civil engineering firms 
are associated with the A.E.I.-John 
Thompson Nuclear Energy Co. in the 
preparation of a tender for one of the 
first CEA stations, according to an AEI-— 
JT statement last month. 

The Balfour Beatty Group has a world- 
wide reputation in all forms of engineer- 
ing and construction works, and have, 
since their inception in 1909, been par- 
ticularly active in the development of 
power projects, both thermal and hydro- 
electric, in this country and overseas, The 
firm is at present carrying out numerous 
contracts for the CEA and the North of 
Scotland Hydroelectric Board, including 
major power stations at Staythorpe and 
Carmarthen Bay. 

Founded one hundred years ago, the 
firm of John Laing & Son Ltd employs 
20,000 people. The company has taken a 
very active part in research and develop- 
ment work within the industry, and has 
made a significant contribution in con- 
crete engineering. Their Research and 
Development Centre recently opened near 
London has the latest equipment for 
research, soil mechanics, site investiga- 
tions and structural development work. 
They have carried out building and civil 
engineering work at the first Government 
atomic energy establishment at Wind- 
scale and are at present engaged in civil 
engineering work on uranium plants in 
South Africa. They are also engaged in the 
Kariba project and in the construction of 


hydroelectric and thermal power stations 
in the United Kingdom, as well as par- 
ticipating in an £80,000,000. industrial 
development scheme in Vancouver. 

The A.E.I.-John Thompson Nuclear 
Energy Co. Ltd was formed to design, 
develop and sell complete nuclear power 
stations and nuclear reactors. Its con- 
stituent members are The British Thom- 
son-Houston Co. Ltd and Metropolitan- 
Vickers Electric Co. Ltd, who are famous 
in the electric power generation field, and 
John Thompson Ltd of Wolverhampton, 
the well-known engineers and _ boiler 
makers. For many years past, both A.E.I. 
and John Thompson have been carrying 
out research into nuclear problems to 
equip themselves for this work. 

W. S. Atkins & Partners, Consulting 
Engineers of Victoria Street, London, 
SW1, are acting as Consultants to the 
A.E.I.-John Thompson Nuclear Energy 
Co. Ltd for the whole of the Civil Engineer- 


ing and services. 


Whessoe dividend up 


Production at Whessoe Ltd in the year 
ended 31st March, although of greater 
value than in the previous year, was 
curtailed by steel shortages. Net profits, 
however, at £414,789, were about £95,000 
greater than the previous year, the 
increase coming from contracts completed 
and not from increased margins. 

A final dividend of 15 per cent is 
recommended to the AGM on 17th July, 
making 20 per cent for the year. This is 
an equivalent of an increase of 2 per cent. 

Whessoe Ltd, it will be recalled, are 
members of the Nuclear Power Plant Co. 
Ltd, whose head office is at Heaton Works, 
Newcastle-upon-Tyne. 


Risley chief for industry 


Mr J W Kendall, previously with the 
UK Atomic Energy Authority (Indus- 
trial Group), has joined John Thompson 
Water Tube Boilers Ltd 
‘in a_ senior advisory 
capacity, particularly in 
respect to nuclear power 
developments. The firm 
_ is substantially involved 
in this field both in 
| direct contracts with the 
AEA and in connection 
with the AEI-—John 
Thompson Nuclear Energy Company Ltd. 

Mr Kendall was one of the twelve 
original members of the Risley atomic 
group. He is a leading authority on the 
design and construction of gas-cooled 
graphite-moderated reactors on which 
he has done much work and was engineer 
in charge of design and construction of 
Harwell BEPO, the Windscale produc- 
tion piles and the Dounreay fast reactor. 


COMPANIES 


Permutit’s steady progress 


One million 5s. Ordinary shares are to 
be offered as “rights” at 10s. per share by 
the Permutit Co. Ltd. This was stated on 
13th June by chairman R. T. Pemberton 
to the 41st AGM at the firm’s headquarters 
in Chiswick, London. Mr Pemberton 
reported a steady development of the 
company during the year and a decision 
to increase the expenditure on the build- 
ing work at the new Ealing factory. He 
referred to his firm’s important contracts 
in the field of uranium extraction in South 
Africa, Rhodesia, Australia and Canada. 
In order to handle the firm’s increasing 
business in Canada a Canadian subsidiary, 
Ion Exchange (Canada) Ltd, was set up 
in Toronto last year. Mr Pemberton also 
stated that the branch office in Australia 
is now being transformed to a fully owned 
subsidiary company. 


Calder B, landmark for TW 


An increased volume of new contracts 
was reported by chairman Frank Taylor 
of Taylor Woodrow Ltd, the London civil 
engineering contractors in his 21st annual 
statement, for the year ended 31st Decem- 
ber, 1955. Mr Taylor described as a land- 
mark in his firm’s history the award of a 
contract for Calder Hall B. He added: 
“We have great opportunities in this 
atomic era and I am sure that you must 
be pleased to appreciate the lead your 
company has already secured in this new 
field. In this respect our association with 
the English Electric Company and Bab- 
cock and Wilcox in a group, the object of 
which is to supply complete atomic 
power stations in any part of the world 
under a single contract, will greatly 
strengthen our endeavours.” 


Tinto chairman and fusion 


The subject of uranium occupied the 
greater part of chairman Gerald Coke’s 
statement to the 83rd AGM of the Rio 
Tinto Co. Ltd, in London on 29th May. 
Mr Coke said that development work had 
already begun at the Mary Kathleen 
uranium mine in North Queensland and 
he also referred to the Canadian Hirshhon 
merger (see NP, June). As a result, Rio 
Tinto of London had voting control and 
approximately 40 per cent of the equity 
of the Canadian company. He stated that 
the development of these Canadian 
interests would require careful planning 
and that the parent company could not 
expect a return from these investments for 
some time. 

Mr Coke referred to the question of 
fusion of light elements and said that if 
the difficulties could be overcome, such a 
method, which employs practically no 
uranium, would present serious com- 
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petition to nuclear fission—not least 
because it would produce no radioactive 
waste. For these and other reasons any 
company venturing into the exploitation 
of uranium must assure itself, as a first 
responsibility, that the way is clear to 
benefit its shareholders. 


First British reactor for abroad 


A MERLIN research reactor is to be 
supplied by the AEI—John Thompson 
Nuclear Energy Co, to the German 
Ministry of Economics and Transport. 
This is to be similar to the reactor at 
present under construction by the com- 
pany for their own use in their research 
laboratories at Aldermaston (see NP, 
May 1956). MERLIN (medium energy 
light water moderated industrial nuclear 
reactor) is a swimming-pool type of 
reactor and will have a maximum thermal 


neutron flux of 5 x 10" n/cm?/sec at a 
power output of 5 MW. The fuel consists 
of about 6 kg of U** in the form of 
uranium oxide enriched to 20 per cent of 
the fissionable isotope. The provision of 
this fuel does not form part of AEI—John 
Thompson’s contract and presumably this 
will be obtained either from the UKAEA 
or the USAEC. The price of the reactor 
is stated to be about £75,000 and delivery 
is expected in about a year. This is the 
first contract of its kind ever obtained by 
a British firm. 


Simon-Carves stake in A-power 


A sum of £100,000 to be kept for 
nuclear power development reserve 
appears for the first time in the annual 
report of Simon-Carves Ltd. A rise in 
group net profit before tax from £942,160 
to £1,386,477 was reported and a final divi- 
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Fifth World Power Conference 
meets in Vienna 


Under the patronage of the Austrian 
Federal President Dr Theodor Kérner and 
the presidency of Sir Harold Hartley, the 
fifth World Power Conference was held in 
Vienna from 17th to 23rd June under the 
theme: World energy resources in the 
light of recent technical and economic 
developments. 

Speaking at the opening ceremony, Sir 
Harold said that nuclear energy had 
come at a most timely moment and that 
Geneva had lifted the cloak of secrecy and 
released a great deal of information and 
experience. He warned, however, against 
wishful thinking and said that nuclear 
energy was still in an early stage of 
development. There were still many 
problems to be solved and reactor con- 
struction called for new standards of 
accuracy and reliability of engineering. 
“Much”, he went on, “has still to be 
learnt about the behaviour of materials 
under a prolonged and intensive radiation.” 
A British delegation of over 400 members 
was stated by Sir Harold to be the largest 
that had ever attended a World Power 
Conference overseas. 

The work of the conference was divided 
into five sections: The present status and 
development of power production and 
utilisation in individual countries; Pre- 
paration and conversion of fuels; Utilisa- 
tion of primary sources of energy; Purifica- 
tion of waste water and exhaust gas; 
International cooperation. In the field of 
atomic energy, the following British papers 
were presented: Mechanical engineering 
features of Calder Hall, by R. F. Bishop 
and R. W. Horseman of Whessoe Ltd, 
G. W. Grossmith of Strachan and Henshaw 
Ltd, R. H. Kelsall of Metropolitan- 
Vickers Ltd, K. J. Cunningham of Plessey 


Ltd, W. R. Wootton of Babcock and 
Wilcox Ltd, and A. T. Bowden of C. A. 
Parsons Ltd, with an introduction by 
R. V. Moore, Chief Engineer, Thermal 
Reactor Design, UKAEA; Disposal of 
waste waters and gases, by H. J. Dunster, 
D. R. R. Fair and Dr A. S. McLean of the 
UKAEA; Methods of using fuels in a 
nuclear power programme, by Dr J. V. 
Dunworth, Head of Reactor Physics 
Division, AERE, Harwell; Technical prob- 
lems of designing and operating reactors, by 
H. H. Gott of the UKAEA Industrial 
Group; Nuclear generation and the future 
power system in Britain, by J. C. Duck- 
worth, P. J. Squire and V. G. Newman 
of the Central Electricity Authority. 

Contributions from America included a 
report on the Shippingport pressurised- 
water reactor by J. W. Simpson, and a 
projected 180-MW_ dual-cycle boiling 
reactor for Dresden, Illinois, by T. G. 
Leclair of Consolidated Edison. A paper 
on economics of nuclear power was 
presented by V. M. Staebler of the AEC 
and one on nuclear power technology by 
the AEC’s director of reactor develop- 
ment, W. Kenneth Davis. Other papers 
were read on fuels and waste disposal by 
American authors and papers were also 
heard from French, German, Swedish and 
Dutch engineers. An account of the pro- 
ceedings by our own correspondent will 
appear in the August NUCLEAR 
POWER. 


London evening classes in nuclear 

physics at Borough Polytechnic 

For some years now Borough Poly- 
technic, Borough Road, London, SEl, 
have been running evening courses by 
specialists, on nuclear particle techniques, 
nuclear power, nucleonic circuitry and 
reactor instrumentation. In addition, 
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dend of 17} per cent was declared. Subject 
to Treasury consentit is proposed to create 
2M ordinary 5s. shares, to be issued as 
fully paid to holders registered on 15th 
June in the proportion of one for two. 

The Company is a member of the GEC- 
Simon-Carves Atomic Energy Group, the 
other members being the Motherwell 
Bridge and Engineering Co. Ltd, and 
John Mowlem & Co. Ltd. 


New Hivac factory 


A new factory at South Ruislip was 
opened recently by Hivac, the electronics 
division of the Automatic Telephone & 
Electric Co. Ltd. This will produce sub- 
miniature valves, transistors and cold- 
cathode tubes which will be assembled in 
a dust-free, air-conditioned environment 
in the new factory. The address is: 
Stonefield Way, South Ruislip, Mddx. 


laboratory courses. are offered in nuclear 
techniques and measurement. These are 
intended for those who are already quali- 
fied in their fields and who are now taking 
up nuclear work. 

The Polytechnic has a very well- 
equipped particle laboratory and a smaller 
radiochemical laboratory. These facilities 
enable students to carry out experiments 
representing a fairly large field and it is 
believed that no other technical college 
in the country at present possesses com- 
parable resources. In addition to standard 
experiments in nuclear physics, students 
can do such work as gamma scintillation 
spectrometry, neutron irradiation ex- 
periments and neutron flux measurement. 

In the forthcoming session, beginning 
in September, the Polytechnic is running a 
three months full-time course and it is 
hoped that manufacturers will be prepared 
to release some of their key men for such 
a period. Full details may be obtained 
from the secretary. 


BNEC to hear of Calder Hall 


The British Nuclear Energy Conference 
is to hold a symposium on the Calder Hall 
power station on 22nd and 23rd November 
at the Institution of Civil Engineers. The 
symposium will be divided into five 
sessions covering: Introduction and general 
design; Technical research problems ; Engin- 
eering design; Light engineering and electri- 
cal; Future developments and summary. 

Each session will comprise several papers 
which will be summarised by a reporter 
and they will be followed by discussions 
which will also be summarised. The final 
session will include a summary of the 
proceedings by Sir Christopher Hinton. 

Admittance will be by registration and 
the charge of £1 will be made towards the 
cost of advance proofs. Application forms 
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are obtainable from the Secretary, 
BNEC, 127 Great George Street, London, 
Wi. 


EMI College of Electronics 


The department of the EMI Institution 
which provides full-time day courses in 
radio and electronics engineering will in 
future be known as the EMI College of 
Electronics. Full details of the courses 
may be obtained from the EMI College of 
Electronics, 10 Pembridge Square, Lon- 
don, W2. 


Professor Mott elected Physical 
Society president for 1956-7 


At the AGM of the Physical Society, 
held in London on 24th May, Professor 
N. F. Mott, MA, DSc, FRS was elected 
president for 1956-7. Vice-presidents 
elected were: Dr A. B. Wood, Prof. S. 
Devons, Prof. F. Llewellyn Jones and 
Prof. H. Jones in addition to the past 
presidents. As ordinary members of 
Council, Dr V. E. Cosslett, Dr D. Gabor 
and Mr. E. S. Shire replace Dr H. G. 
Kuhn, Prof. P. M. S, Blackett and Prof. 
H. Jones. Drs C. G. Wynne and H. H. 
Hopkins remain as honorary secretaries, 
Prof. E. N. da C. Andrade as honorary 
foreign secretary, Mr A. J. Philpot as 
honorary treasurer, and Dr A. W. Pearse 
as honorary librarian. 

The summer meeting of the Physical 
Society will be held at Manchester 
University on 16th and 17th July and 
will be concerned with the flow of air and 
other gases at speeds so high that changes 
in kinetic energy are comparable with the 
energy required to produce physical 
changes such as dissociation, ionisation 
and radiation emission. 

Non-members will be welcomed. En- 
quiries to the Physical Society, 1 Lowther 
Gardens, Prince Consort Road, London, 
SW7, marked for the attention of Miss 
Miles. 


Institute of Physics 
meeting in London 


Speaking at the Institute of Physics 
conference on The physics of nuclear 
reactors in London on 3-6 July, Sir 
John Cockcroft said that any new type 
of reactor was likely to take at least 
ten years to come into full-scale use from 
the commencement of work. In parti- 
cular he mentioned two specific problems 
which will have a considerable bearing on 
the British programme — the compata- 
bility of liquid sodium with zirconium 
and stainless steel at 550°C and that of 
solutions of uranyl sulphate in water 
with these materials. 


Pippa reactors with enriched 

fuel, hydrogen coolant? 

Some possible developments of the 
Calder Hall type of carbon-dioxide cooled, 
graphite-moderated reactor were outlined 


by Mr F. M. Greenlees in a paper— 
“Investing in Atomic Energy” — which he 
read at a conference held by the Institution 
of Production Engineers in London on 
25th May in connection with the Produc- 
tion Exhibition which was being held at 
Olympia. Mr Greenlees, who is the 
UKAEA Industrial Group Consultant to 
industrial users of nuclear power, gave a 
broad general survey of the principles of 
atomic energy for the non-specialist, an 
account of the Authority’s plans and the 
Government White Paper and a detailed 
description of the Calder Hall A Station. 
Speaking of future developments, he 
considered that hydrogen held out interest- 
ing possibilities as a coolant in this type 
of reactor and that slightly enriched fuel 
would also simplify the canning problem 
and lead to higher temperatures. This 
would, he believed, also enable a more 
efficient flux distribution to be obtained. 
However, he said that “at the present 
stage it is more important to be successful 
than to be clever for our first power- 
generating reactors, therefore we should 
content ourselves with securing reliable 
operation at modest temperatures”. 
Concluding, Mr Greenlees pointed out 
that temperatures of 1M°C are possible 
with nuclear fission and it is only our 
limitations in knowledge and technique 
that prevent the production of really 
large amounts of high-grade heat from 
comparatively small reactors. 


Maintenance and repair of the 

Windscale reactors 

During five years’ operating experience 
of the two large plutonium-producing 
reactors at the Windscale Works of the 
UKAKEA, techniques have been developed 
for the repair and maintenance of nuclear 
reactors and this will have a fundamental 
effect on future design. This was stated 
by Mr H. G. Davey, Works General 
Manager, Northern Area, UKAEA Indus- 
trial Group, addressing the Institution of 
Chemical Engineers in London on 3rd 
May. Mr Davey said that, in the design 
stage, it was anticipated that once the 
reactor became critical, access to the core 
and its immediate vicinity would be 
impossible and so no access through the 
biological shield was provided, the 
experimental and inspection holes in the 
roof of the shield being kept as small as 
possible to minimise radiation leakage. 
The outstanding exception to the rule that 
no moving equipment should be inside the 
shield is the burst-cartridge detection 
gear which is a substantial stainless-steel 
structure that moves vertically up and 
down the back face of the graphite lattice 
inside the shield. 

Since commissioning five and a half 
years ago, these reactors have given 
remarkably little trouble and have been 
in production for 93 per cent of the possible 
time—the loss including outages for dis- 
charging and charging fuel ‘elements. 


However, certain mechanical failures have 
occurred and special methods had to be 
devised to rectify them. 

Mr Davey went on to describe some 
remarkable maintenance operations which 
had been carried out, necessitated by 
minor mishaps. Television cameras were 
used to inspect the core, and special tools 
were evolved for carrying out the delicate 
operations required sometimes up to 60 ft 
away from the operator. The principle of 
temporary shielding, combined with pro- 
tective clothing and controlled entry with 
complete intercommunication, was exten- 
sively developed and numerous rehearsals 
on mock-ups were carried out to make 
sure that every man knew exactly what he 
had to do. By these means, urgent repairs 
have been carried out successfully under 
most hazardous and difficult conditions. 
In one undertaking described by Mr 
Davey, because of the maximum permis- 
sible dose of radiation laid down, 251 men 
were needed to carry out what would have 
been a very simple operation under non- 
active conditions. In the light of this 
experience future British reactors will be 
regarded as maintainable and access and 
inspection facilities are being incorporated. 


New Canadian flotation process 

for low-grade uranium ores 

A uranium ore refining process has been 
developed in Canada which may result in 
large quantities of low-grade uranium ore 
becoming available for commercial use. 
Professor Van Cleave, a University of 
Saskatchewan chemist, speaking at the 
39th annual conference of the Chemical 
Institute of Canada, said that the process 
consisted in reducing the ore to dust and 
floating away the uranium-containing 
particles, Although the process was not 
new to mining it was the first time in 
Canada — and possibly the world — that it 
had been applied to uranium. Professor 
Van Cleave and his colleagues have been 
engaged on the problem of refining low- 
grade ore from the Charlebois Lake area 
of north Saskatchewan, where there are 
vast quantities of ore containing only one- 
twentieth of 1 per cent of uraninite. 


US and Soviet at CERN Conference 

An international symposium on high 
energy physics was held by CERN 
(European Organisation for Nuclear 
Research) in Geneva from 11th to 23rd 
June, some 300 scientists attending from 
the twelve member countries in addition 
to those from several other countries. 

CERN president, Sir Ben Lockspeiser, 
lately secretary of the DSIR, in his 
opening address said that the organisation 
was necessary because the resources 
required for this type of research were 
beyond those of most individual countries. 
“It is exhilarating”, he continued, “‘to 
see international teams devoted to their 
work, taking little rest, and with justi- 
fiable pride in what they are doing.” 
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Museum; 


AERE 


AERE 


AERE 


AERE 


AERE 


RP/M 67 


M/M 104 


CE/R 820 


RP/R 1713 


RP/R 1778 


Harwell 


The following reports have recently been made available to the public by 
the Atomic Energy Research Establishment, Harwell. They may be 
borrowed or photocopies obtained from the following libraries: British 
University Library, Cambridge; 
Ozford; National Library of Scotland, Edinburgh; Patent Office Library, 
London; Science Museum Library, London; Mitchell Library, Glasgow, 
and the Central Libraries at Birmingham, Liverpool, Manchester, New- 
castle-upon-T yne and Sheffield. Reports marked * may be purchased 
Her Majesty's Stationery Office. 


Radcliffe Science Library, 


from 


Some observations on gamma-ray scat- 
tering round a shadow shield in water. 

C. C. Horton, J. R. Harrison, A. M. Mills, 
M. A. Hone. (Nov. 1955. 7 pp.) 

A recording camera for metallography with 
polarised light. B. R. Butcher, I. A. Me- 
Donald. (Jan. 1956. 7 pp.) 

Liquid metal brushes. D. A. Watt. (Nov. 
1951. 42 pp.) 5s. 9d.* 

The diffusion theory of thermal neutron 
fine structure in finite reactors. D. A. 
Newmarch. (Sept. 1955. 77 pp.) 

An analysis of critical assembly and 
kinetics data obtained from the air spaced 
plutonium core assembly (core II) of 
Zephyr. A. R. Baker, D. D. McVicar. 


RESEARCH HREPOR'Ts 


Chalk River 


The Poaptcre reports are published by Atomic Energy of Canada, and 
ined from: Scientific Document Distribution Office, Atomic 
Energy of Canada Limited, Chalk River, Ontario. Remittances should 
accompany the order and should be in the _ < cash, bank or express 


may be 


AECL 189 


AECL 190 


AECL 191 


AECL 195 


AECL 234 
AECL 240 


AECL 24! 


postal money orders or cheques made 
in Chalk River to Atomic Energy of Canada Lammstod 


DR-33 


DR-36 


CREL-597 


CRDC-596 


CRR-557 


PR-P-27 


(Jan. 1956. 13 pp.) 


AERE GP/R 1839 


A stabilised negative E.H.T. 


supply AECL 242 


for use with an electron multiplier. R. 


Hallett. (Jan. 1956. 10 pp.) 
The possibility of self-fixation of highly 


AERE C/R 1862 


AECL 248 CRGP-500 


(GPI-8) 


active wastes. C. B. Amphlett. (Feb. 1956. 


7 pp-) 


AERE 1693 


radio-isotopes. 


AECL 249 CRNE-558 


Leak detection in water mains using 


S. Jefferson, J. F. 


AECL 265 DL-19 


Cameron, A. M. Wildblood, J. L. Putman. 
(Jan. 1956. 21 pp.) 4s. 9d.* 


Industrial Group 
IGE-R II 


AECL 268 TPI-70 


The maximum possible efficiency of a 
reactor heat-exchanger combination. G. 


Packman. (Feb. 1956. 9 pp.) 


AECL 285 DR-38 


unds at par 


Note on the possibilities of uranium- 
plutonium regenerative thermal neutron 
reactors. W. B. Lewis. (1953. 13 pp.) 25c. 
Cost of light water as a coolant for en- 
riched power reactors. W. B. Lewis. (1954. 
45 pp. 75e. 

Reactor xenon poison simulator. F. S. 
Goulding, A. G. Ward. (1955. 18 pp.) 25c. 
Out-reactor tests of the HTP loop. R. F.S. 
Robertson, P. G. Anderson. (1955. 83 pp.) 
$1.00. 

The cooling of NRX rods. D. G. Hurst, 
A, C. Johnson. (1954. 28 pp.) $1.00. 

The preliminary design for NPD. H. A. 
Smith. (Oct. 1955.) $1.00. 

Progress report—July 1 to September 30, 
1955—physics division. L. G. Elliott, H. 
Carmichael, J. Hardwick, H. H. Clayton. 
(81 pp.) $1.50. 

Canada’s nuclear power development pro- 
gramme. W. J. Bennett. (Oct. 1955.) Free. 
An estimate of the total cross section of 
accumulated fission products. D. G. 
Hurst. (Oct. 1951. 16 pp.) 25c. 

A two zone slurry reactor. M. F. Duret, 
I. L. Wilson. (Dec. 1953. 15 pp.) 50c. 
Economic power fuelling without U-235 
enrichment. W. B. Lewis. (Dec. 1955. 
23 pp.) $1.00. 

Graphs of coulomb functions. W. T. Sharp, 
H. E. Gove, E. B. Paul. (July 1953. 58 
pp-) $1.50. 

Attainable burn-up of uranium with pluto- 
nium recycling. (Feb. 1956. 31 pp.) $1.00. 


Viscount Knollys, GCMG, MBE, DFC 
has become chairman of Vickers Ltd, on 
the relinquishment of that position by 
Lieut-General Sir Ronald Weeks, KCB, 
CBE, DSO, MC, TD. Lord Knollys has 
been a director of Vickers since 1952. 
Sir Ronald will continue as a director. 


Mr W. B. Horner Sales Manager, Com- 
puter Division, and Mr R. R. Davies, 
Chemist, of Southern Instruments Ltd, 
Camberley, Surrey, recently returned 
from a tour of Switzerland with their new 
cathode-ray polarograph in conjunction 
with their Swiss agents Sorenson-Ardag 
of Ziirich. On his return Mr Horner said his 
trip had been very successful and that 
many demonstrations had been given to 
leading chemists of the polarograph’s 
capabilities in the analysis of organic and 
inorganic elements. 


NAMES IN THE NEWS 


Mr R. B. Ogden FCA, has been 
appointed chairman of KDG Instruments 
Ltd, Croydon, in succession to the late Mr 
R. L. Horabin who died on April 26. 


Mr W. M. York has been elected to 
the board of E. K. Cole Ltd, Southend-on- 
Sea, as commercial director. Mr York has 
been publicity manager with Ekco for the 
past 24 years. 


Mr lan T. Morrow was elected presi- 
dent of the Institute of Costs and Works 
Accountants at their AGM in Edinburgh 
on June 2. Mr Morrow is joint managing 
director of the Brush Group Co Ltd, and 
at 44 years of age is the youngest-ever 
president. Mr H. J. Furness of Hoover 
Ltd, was re-elected vice-president and 
Mr J. Borsay of Ferguson Pailin Ltd, was 
elected a vice-president for the first time. 


Dr Lloyd P. Smith chairman of the 
Department of Physics, Cornell Univer- 
sity, was recently appointed president of 
the Research and Advanced Development 
Division of the Avco Manufacturing Cor- 
poration in New York. Dr Lloyd Smith, 
who is 53, has been consultant since 1947 
to the Oak Ridge National Laboratory in 
the nuclear aviation programme and in 
the field of nuclear energy from hydrogen 
fusion. 


Mr L. Gosland and Mr H. M. Lacey 
are acting as joint directors of the Electrical 
Research Association following the death 
of Dr S. Whitehead. A new appointment 
to the office of director is expected shortly. 


Mr F. G. Arnott has been appointed 
a director of Metallic Seamless Tubes Co 
Ltd, Birmingham—a TI company. 
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749,064 Improvements in or relating 
to generation of nuclear power. 
The Texaco Development Corporation, 
New York (Inventor: William Malcolm 
Stratford) May 16, 1956 


A reactor is described in which the 
fissionable material, consisting of uranium, 
plutonium or their compounds, is in the 
form of a finely-divided solid maintained 
in a fluidised condition by means of a 
carrier gas such as helium, hydrogen, 
deuterium or air. Heat produced by 
nuclear fission may be removed by heat- 
exchanger coils incorporated in the reactor 
or the heated carrier gas itself may be 
used directly for conversion to any desired 
form of energy. The moderator, such as 
graphite or beryllium oxide, may be in 
the form of fluidisable particles or, by a 
suitable choice, the carrier gas may be 
fissionable — uranium hexafluoride is a 
possible one — with the particulate matter 
forming a moderator. 

In one form of the invention described 
in the specification the reactor comprises 
a pot (1) of the shape shown in the 
diagram. This is equipped with a number 
of horizontal and vertical “‘retarder”” bars 
(2) containing neutron-absorbing materials 
and servo-operated by automatic controls 
to maintain the reactivity at its required 
value and prevent the accumulation of 
critical masses. The carrier gas enters at the 
bottom of the pot and produces a fluidised 
state in the particulate materials. The 
upper part of the pot is increased in cross- 
section area to reduce the velocity and so 
to facilitate separation of the fluidised 
material. Heat-exchanger coils may be 
fitted in the upper part of the pot and this 
may also be lined with such coils — in the 


2471 5/55 Polyphase electromagnetic 
liquid metal conduction pumps. 
United Kingdom Atomic Energy Author- 
ity. (Inventor: P. Fortescue) August 
29, 1955 

An electromagnetic pump is described 
comprising a liquid-metal duct arranged 
within the poles of a three pole iron yoke 


22526/55 Method of neutron gamma 
borehole logging. United Kingdom 
Atomic Energy Authority (Inventors: 
j. L. Putman, D. B. Smith and G. R. 
Church) August 5, 1955 


A method of logging a borehole to 
determine brine saturations in hydro- 
carbon formations comprises irradiating 
a known brine-free formation and a known 
brine-saturated formation with neutrons, 
detecting the occurrence and energy of 


= 


a fluidised reactor uses retarder rods to control reactivity 


application shown, however, the gaseous 
medium is used direct. At the top of the 
pot the fluidised mixture goes through a 
cyclone separator (3) and the bulk of the 
particulate matter is returned to the 
reactor pot. The remainder of the gas 
passes to an ultrasonic or electrostatic 
precipitator (4) which extracts the 
remainder. In the application shown the 
hot carrier gas drives a gas turbine (5), 
but this is shown by way of illustration 
only and the heat may be used in many 
different ways. After leaving the turbine 
the gas passes through another heat 
exchanger (6), a pump (7), and so back to 


structure, field coils arranged on the yoke 
such that when excited by three-phase 
current a magnetic field is created trans- 
versely across parts of the duct in turn, 
electrodes connected to said duct for 
feeding current across said duct parts and 
three-phase high current secondary coils 
on the yoke structure. The secondary coils 


the gamma-rays emitted promptly by the 
nuclei of each of said formations, measur- 
ing the count rates of said rays as functions 
of their energy, selecting an energy range 
within which the count rates in the re- 
spective formations exhibit a maximum 
differential, irradiating the formations 
traversed by the hole with neutrons from 
a source moving through the bore and 
measuring the count rate of the gamma 
rays within the selected range emitted 
promptly by the nuclei of said traversed 


the base of the reactor pot, control of the 
quantity being regulated by valve (8). 
Amongst the claims for this invention is 
one that fission products can be removed 
continuously for processing. Another 
interesting aspect is that if hydrogen is 
used as a fluidising medium, deuterium 
will be produced as a by-product of neutron 
capture. A refinement described has the 
retarder rods spaced at increasing intervals 
to account for the decrease in density of 
the mixture and a further variant de- 
scribes means for mechanical fluidisation 
using a rotating scroll or helix inside the 
reactor pot. 


are connected to the electrodes in such a 
way as to feed current across the duct 
parts substantially in phase with the 
instantaneous magnetic field in said duct 
parts. 

The duct section may form a closed 
figure or be star shaped so as to constitute 
a delta or star connected load. 


formations as a function of distance along 
the borehole, the count rate within the 
selected range at any point along the bore 
being a measure of the brine saturation 
at that point. 

The energy range may have a narrow 
fixed bandwidth so that only the position 
of the range is then selected but the band- 
width is preferably adjustable so that the 
energy range may be selected both for 
position and maximum width for a given 
energy differential. 
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HENRY GARDNER & CO. LTD ness 


suppliers of CADMIUM 
LEAD 
TITANIUM 
TITANIUM ALLOYS 


Cables: NONFERMET London Tel: MANsion House 452l and at BIRMINGHAM, MANCHESTER, GLASGOW 


ROWSE MUIR PUBLICATIONS LTD 


This magazine is the third issue of 


Nuclear Power 


The August NUCLEAR POWER will be published on August 3rd 1956 


It will feature exclusively 


Thermonuciear reactions—by Dr P. C. Thonemann Harwell 


DIDO—Harwell’s new heavy-water research reactor—illustrated by special perspective drawings 
An introduction to reactor control systems—Dy R. |. COX Harwell 
A report on the World Power Conference— by NUCLEAR POWER'S own correspondent 
Zone melting of uranium—Dy |. Anti!! Harwell 


in addition to the regular features including James F. Hill's important series 


on basic reactor physics 


on sale monthly price 3s 6d 


an easy-to-fill pre-paid subscription post card is inserted overleaf 


| 
a 
Members: London Metal Exchange 
2 
j 
| 
i 
= 
146 


ze 


Nuclear Power 


Classified Advertisements 


Rates—Classified advertisements are charged at 4/- per line. Semi- 
display setting 60/- per single-column inch. 5%, is allowed to trade 
advertisers for 6 insertions, 10% for 12 consecutive insertions. Box 


numbers will be charged at 1/- extra. 


Press Day—Advertisements must be received at our head office not 
later than 20th July for the August issue. 


Remittances—Cheques and postal orders should be sent to Rowse 
Muir Publications Ltd, together with the order for the advertisement. 


Terms—All advertisements are strictly net and must be prepaid. 


Head Office—aAll advertisements should be addressed ‘‘Classified 
Advertising” NUCLEAR POWER, 3 Percy Street, London W.1. 


APPOINTMENTS AND 


ATOMIC ENERGY 


Simon-Carves Ltd 


and 


The General Electric Company Ltd 


have set up a joint organisation to deal with nuclear power 
station projects. Research and development have been 


going on for some time and the organisation has established 


DESIGN OFFICES 


MAYFAIR and ERITH 


There are vacancies for 


CIVIL ENGINEERS 
AND 
CIVIL ENGINEERING 
DRAUGHTSMEN 


with sound experience of civil engineering works, including 
reinforced concrete and structural steel. Starting salaries 
will range up to £1000 a year and prospects for really good 


men are exceptional. 


The minimum technical level required is Higher National 
Certificate in Civil Engineering, or equivalent qualification. 
Working conditions are excellent. Three weeks’ annual 


holiday. A pension scheme is in operation. 


Please send brief relevant applications, quoting ref. SL 25, 
to Staff and Training Division, Simon-Carves Ltd, Cheadle 
Heath, Stockport. 


SITUATIONS VACANT 


NUCLEAR POWER PLANT 


Vacancies exist at Booth’s Hall, Knutsford, and at Hebburn for 
ELECTRICAL DRAUGHTSMEN to undertake the design of circuits 
for the Control, Indication, Instrumentation and Protection of equip- 
ment and the layout of ancillary apparatus associated with Nuclear 
Power Stations. Applicants should possess a Higher National Certificate 
or Diploma in electrical engineering, and should preferably have had 
experience in circuitry. Write stating full particulars of age, qualifica- 
tions and experience to the Chief Engineer, A. Reyrolle & Co., Ltd., 
Hebburn, Co. Durham. 


G. & J. Weir, Ltd, Cathcart, Glasgow, require QUALIFIED 
ENGINEERS and METALLURGISTS for their Nuclear Energy 
Development Group. Applicants should have an honours degree or 
equivalent in Mechanical Engineering or Metallurgy. Applications, 
giving full particulars of qualifications, age and experience, will be 
treated in confidence. They should be marked ‘* PERSONAL” and 
addressed to the Works Director at the above address. 


SENIOR DESIGN ENGINEER 


required for Civil Engineering and Structural Design with special 
reference to the study of Nuclear Power Station projects. Sound 
experience of Civil Engineering Works including reinforced concrete 
and structural steel essential. Some experience of conventional 
Power Station design desirable. Excellent prospects for the right 
man capable of supervising Drawing Office of about 25, and having 
imagination, willingness to learn and interest in a new field. Salary 
according to experience but in range £1450/£1750. Apply in confi- 
dence to ‘Technical Director,” c/o Box NP 800 LPE, 55 St Martin’s 
Lane, London, WC2. 


A.M.1.Mech.E., B.Se., A.M.I.C.E., A.M.Brit.I.R.E., A.M.I.Chem.E., 
etc., on‘*NO PASS—NO FEE” terms. Over 95°%, successes. For details 
of Examination and Courses in all branches of Engineering, write for 
144-page Handbook—FREE. B.I.E.T. (Dept. 329) College House, 
Wright’s Lane, London, W.8 
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Nuclear Power 


Science and Applications of Photography 


The full and only record of the proceedings at the 
International Conference held in 1953 as part of the 
Centenary Celebrations of The Royal Photographic Society 


Pp. 664 and xvii £3. 3s. Bound in cloth 


Fully illustrated post free 4 colour plates 


The Journal of Photographic Science 


Essential reading for all connected with the scientific 
or industrial applications of photography, radio- 
graphy, kinematography, and all related processes 


5s. per issue (six a year) annual subscription: £1.5s. 


This and other publications are issued free to members: Annual subscrip- 
tion £3.3s. inland; £2.12s.6d. overseas. Details from the Secretary, The 
Royal Photographic Society, Dept. NP 16 Princes Gate, London, S.W.7. 
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Accustomed to much work in Stainless Steel 

on plant for the storage and processing of the human 
““energisers ’’—food and drink—Butterfield 

craftsmen find it no far step to the production of equipment 
for the latest form of industrial energy itself, 

nuclear power. 


Stainless Steel Equipment, non-corroding and 


non-corrosive, is in big demand 


for nuclear engineering projects: 
Butterfields meet this demand 
with a high standard of work, 
with accurate compliance 
of specification and 


the capacity for 


large-scale output. 


STAINLESS STEEL EQUIPMENT 


W. P. Butterfield Ltd P.O. Box 38 Shipley Yorkshire Tel.: 52244 (8 lines) 


Branches LONDON Telephone HOLborn 2455 (4 lines) BIRMINGHAM Telephone EAS 0871! 


BRISTOL Telephone 26902 LIVERPOOL Telephone Central 0829 MANCHESTER Telephone Blackfriars 9417 NEWCASTLE-ON-TYNE Telephone 238 
GLASGOW Telephone Central 7696 BELFAST Telephone 57343 DUBLIN Telephone 77232 
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REMOTE HANDLING EQUIPMENT 


SAVAG 


ARSONS 


FOR RADIOACTIVE AND TOXIC MATERIALS 
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